Controlling Factors Of Life Cycle And Distribution Of Chironomid Key Species In The Mesotrophic Saidenbach Reservoir by Hempel, Esther
  
Technische Universität Dresden 
Fakultät Forst-, Geo- und Hydrowissenschaften  
Fachrichtung Wasserwesen 
Institut für Hydrobiologie 
 
 
Dissertation 
Zur Erlangung des akademischen Grades 
Doktor der Naturwissenschaften 
(Dr. rer. nat.) 
 
 
CONTROLLING FACTORS OF  
LIFE CYCLE AND DISTRIBUTION  
OF CHIRONOMID KEY SPECIES  
IN THE MESOTROPHIC SAIDENBACH RESERVOIR 
 
 
 
Vorgelegt von: Esther Hempel 
 geboren am 03.Oktober 1981 
 in Schleiz 
 
 
 
Verantwortlicher Hochschullehrer: Prof. Dr. habil. Jürgen Benndorf 
 
Gutachter:         Prof. Dr. habil. Jürgen Benndorf 
  Prof. Dr. habil. Karl-Otto Rothaupt 
 
 
 
Tag der Einreichung:        01. Dezember 2010 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Omniia  Ad  Majjorem  Deii  Glloriiam  
 
 
 
 
  
 
 
 
  
 
1. GENERAL INTRODUCTION 1 
 
 
 
 
2. MORPHOLOGICAL DIFFERENTIATION OF TWO PROCLADIUS AND TWO   
    CHIRONOMUS SPECIES IN THE MESOTROPHIC SAIDENBACH RESERVOIR 5 
  
    2.1 Introduction 5 
    2.2 Material and methods   6 
          2.2.1 Sampling of larvae  6 
          2.2.2 Species identification 7 
          2.2.3 Differentiation of the Procladius species by means of head capsule   
                   size and depth distribution 7 
          2.2.4 Other morphological criteria 8 
          2.2.5 Development of imaginal discs  8 
    2.3. Results 11 
          2.3.1 Procladius crassinervis and P. choreus 11 
          2.3.2 Chironomus anthracinus and C. plumosus  14 
    2.4. Discussion 15 
         2.4.1 Method discussion  16 
         2.4.2 Head capsule width 17 
         2.4.3 Larval growth 20 
 
 
 
 
3. FIVE - YEAR LIFE CYCLE PATTERN OF TWO PROCLADIUS AND TWO   
     CHIRONOMUS SPECIES IN THE MESOTROPHIC SAIDENBACH   
     RESERVOIR 23 
  
     3.1 Introduction  23 
     3.2 Material and methods 25 
          3.2.1 Study area      25 
          3.2.2 Sampling of chironomid larvae 26 
          3.2.3 Sampling of chironomid pupae 28 
          3.2.4 Mortality   28 
          3.2.5 Abiotic conditions and phytoplankton 29 
 
 
 
 
 
 
  
 
     3.3 Results 30 
         3.3.1 Abiotic conditions and phytoplankton 30 
                  3.3.1.1 Temperature 30 
                  3.3.1.2 Oxygen 32 
        3.3.1.3 Phytoplankton 32 
         3.3.2 Life cycle analysis  33 
                 3.3.2.1 Composition of instars 33 
                  3.3.2.2 Procladius crassinervis 34 
                  3.3.2.3 Procladius choreus 40 
                  3.3.2.4 Chironomus anthracinus 43 
                  3.3.2.5 Chironomus plumosus 45 
                  3.3.2.6 Tanytarsini  48 
                  3.3.2.7 Other species  48 
         3.3.3 Influence of abiotic conditions on pupation and life cycle 49 
                  3.3.3.1 Procladius crassinervis 50 
                  3.3.3.2 Procladius choreus 51 
                  3.3.3.3 Chironomus anthracinus 53 
                  3.3.3.4 Chironomus plumosus 56 
                  3.3.3.5 Tanytarsini 57 
         3.3.4 Mortality of larvae during pupation 58 
     3.4 Discussion 59 
         3.4.1 Method discussion  59 
         3.4.2 Life cycle 60 
         3.4.3 Influence of controlling factors 70 
         3.4.4 Larval mortality and chironomid pupae as prey 73 
 
 
 
 
4. SMALL AND LARGE SCALE DISTRIBUTION ASPECTS AND MIGRATION   
     OF TWO  PROCLADIUS AND TWO CHIRONOMUS SPECIES IN THE   
     MESOTROPHIC SAIDENBACH RESERVOIR 77 
  
    4.1 Introduction  78 
    4.2 Study area 79 
    4.3 Material and methods  80 
         4.3.1 Sampling of chironomid pupae 80 
         4.3.2 Sampling of chironomid larvae 81 
  
 
         4.3.3 Large scale distribution  81 
                  4.3.3.1 Depth gradient of the larval abundance 82 
                  4.3.3.2 Distribution between different lake areas 84 
         4.3.4 Small scale distribution - patchiness 85 
         4.3.5 Vertical distribution 86 
                  4.3.5.1 Residence depth in the sediment  86 
                  4.3.5.2 Larvae in the water column 86 
    4.4 Results 87 
         4.4.1 Large scale distribution  87 
                  4.4.1.1 Depth gradient of the larval abundance 87 
                  4.4.1.2 Distribution between different lake areas 92 
         4.4.2 Small scale distribution - patchiness  97 
         4.4.3 Vertical distribution 99 
                  4.4.3.1 Residence depth in the sediment  99 
                  4.4.3.2 Larvae in the water column 100 
    4.5 Discussion 102 
         4.5.1 Large scale distribution  102 
                  4.5.1.1 Depth gradient of the larval abundance 102 
                  4.5.1.2 Distribution between different lake areas 106 
          4.5.2 Small scale distribution - patchiness 109 
         4.5.3 Vertical distribution 111 
                  4.5.3.1 Residence depth in the sediment  111 
                  4.5.3.2 Larvae in the water column 112 
 
 
 
 
5. INVESTIGATIONS ON THE PREFERENCE TEMPERATURE OF   
     C. ANTHRACINUS FROM THE MESOTROPHIC SAIDENBACH RESERVOIR 115 
  
    5.1 Introduction                 115 
    5.2 Material and methods  117 
         5.2.1 Influence of temperature on the timing of pupation 117 
         5.2.2 Preference temperature  117 
         5.2.3 Locomotory activity of larvae 118 
 
 
 
 
 
 
  
 
    5.3 Results 119 
         5.3.1 Migratory activity of C. anthracinus in the field 119 
         5.3.2 Influence of temperature on the timing of pupation 122 
         5.3.3 Preference temperature  124 
         5.3.4 Locomotory activity of larvae 126 
    5.4 Discussion 127 
         5.4.1 Influence of temperature on the timing of pupation 127 
         5.4.2 Preference temperature  129 
         5.4.3 Agitation activity of larvae 134 
 
 
6. OVERALL SUMMARY AND FUTURE PROSPECTS 136 
7. REFERENCES 141 
    EIDESSTATTLICHE ERKLÄRUNG 148 
     DANKSAGUNG 149 
 
 
 
 
 
  
 1
1. GENERAL INTRODUCTION 
 
It is now six years ago that I started to work with the fascinating insect group of the 
Chironomidae. When searching a subject for my diploma thesis in 2005 my attention 
was called to the Saidenbach drinking water reservoir in the German Saxony Ore 
Mountains. The DFG-project “Influence of the year-to-year variation of water 
temperature on the coupling between benthic and pelagic food webs” within the 
priority programme AQUASHIFT “The impact of climate variability on aquatic 
ecosystems” had just started there with a huge fisheries programme connected with 
a general investigation of the chironomid community in Saidenbach Reservoir. It 
aimed to find out more about the food web structure and the benthic-pelagic coupling 
in dependence on temperature variations between the years through the 
relationships of three key species. These key species were perch (Perca fluviatilis), 
daphnids (Daphnia galeata) and chironomid pupae (Figure 1). Chironomids were an 
important member in this food web as they exhibit a complex life history. Such 
species often shift habitats during their life cycles and provide a complex coupling of 
ecosystems (Knight et al. 2005). The chironomid larvae which are key organisms in 
benthic communities ascend after pupation to the water surface passing through the 
pelagic zone for their emgerge. This comparatively short part of their life cycle may 
influence the feeding behaviour of fish as pupae constitute an alternative food source 
for pelagic fish. This opportunistic feeding behaviour of fish may be supposed to 
couple benthic and pelagic compartments of aquatic food webs (Schindler and 
Scheuerell 2002). This coupling has rarely been analysed in deep lakes and 
reservoirs. Furthermore, the potential influence of climate variations may affect the 
timing of the chironomid’s emergence. As warming should influence the epilimnion 
and littoral area of deep water bodies in a more drastic way than the profundal zone 
(Sherk & Rau 1996) the detailed investigation of the chironomid fauna could provide 
  
 2
comprehensive knowledge of the influence of temperature on the chironomid 
community. The task of my diploma thesis was thus to analyse the faunal aspects 
and the species composition of the chironomid larvae in the reservoir to find out 
which species were dominant and thus important as possible prey for perch. Parallel 
driven stomach investigations on perch revealed that three species were an 
important prey for perch: Chironomus anthracinus, C. plumosus and Procladius 
crassinervis. During this work the complexity of the chironomid community in 
Saidenbach Reservoir became more and more obvious. In less than one year it was 
thus not possible to investigate the chironomids as a whole so that in this short time 
only preliminary results were obtained which needed to be confirmed and recessed. 
So I decided to continue working with chironomids in the subsequent four years with 
the financial support of the Konrad Adenauer Stiftung.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic food web in Saidenbach Reservoir with the three key species perch, chironomids 
and daphnids (taken from a cluster report of the AQUASHIFT project BE 1671/10-1, TU Dresden, 
Institute of Hydrobiology)   
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In my subsequent studies during the years 2006 to 2010 I focused mainly on the 
examination of chironomid larvae and also on the examination of pupae but to a 
smaller extent. Sampling of chironomid larvae from the sediment is generally 
performed with a corer or with an Ekman grab. Hereby a corer is mostly used when 
abundances of larvae are very high; an Ekman grab however is used when 
abundances of larvae are smaller because the Ekman grab has a bigger surface 
area and the possibility of catching larvae with the grab is augmented. In Saidenbach 
Reservoir the total number of larvae was not that high so that I made the choice of 
using an Ekman Grab.  
The investigation of larvae in Saidenbach Reservoir was generally done within 
two transects laid in two different bays following a depth gradient from the upper 
profundal in 10 m depth to the deep profundal in 40 m depth. Two depth horizons 
were defined from 10-20 m and from 20-40 m with each four samples. Pupae were 
trapped in close above the mud surface hanging pupae traps. Four traps were 
brought out in each of the two bays from the littoral in around 5 m depth to the deep 
profundal in about 40 m depth. 
 As my study was connected with the DFG-project AQUASHIFT, my 
investigation stood under the topic of the influence of climate variations on the 
benthic chironomid community. I aimed on the one hand to find out more about 
ecological features of the chironomid community in Saidenbach Reservoir as basic 
research and on the other hand to answer the hypothesis that temperature influences 
the life cycle of chironomids in such a way that higher temperatures (1) have a 
positive effect on a population by shortening the duration of the life cycle and (2) lead 
to an earlier start of the pupation of chironomids. The earlier start of the pupation 
however might have an influence of the whole food web relationship and structure in 
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Saidenbach Reservoir especially on the feeding behaviour of perch as pupae are an 
important key figure in the benthic pelagic coupling.  
 In the present study I laid focus on four closer subjects which were (1) the 
confirmation and enlargement of the taxonomic differentiation method of the two very 
similar Procladius species P. crassinervis and P. choreus, (2) the extension of the life 
cycle investigations in connection with abiotic conditions in order to answer the 
climate hypothesis, (3) the examination of diverse large and small scale distribution 
aspects of the chironomid larvae and (4) the implementation of laboratory 
experiments regarding the influence of temperature on the timing of the emergence 
and the preference temperature of the larvae. 
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2. MORPHOLOGICAL DIFFERENTIATION OF TWO PROCLADIUS AND  
    TWO CHIRONOMUS SPECIES IN THE MESOTROPHIC SAIDENBACH  
    RESERVOIR 
 
 
Abstract 
 
1. A morphological analysis of the three dominant species Procladius choreus, Procladius crassinervis 
and Chironomus anthracinus as well as the less dominant Chironomus plumosus was performed in 
the mesotrophic Saidenbach Reservoir by measuring head capsule width and length as well as body 
length and thickness of thoracal and abdominal segments.  
 
2. For the 4th instar larvae of Procladius a key to distinguish the development steps of the imaginal 
discs was elaborated.  
 
3. With the help of that imaginal disc development, depth distribution and head capsule size, a 
relatively reliable method to differentiate the two Procladius species was achieved, although the 
Procladius larvae showed no remarkable morphological features for species determination as it was 
the case for the Chironomus species.  
 
4. Comparing head capsule size and body length of the four species studied with examples found in 
current literature, large differences within the same species were revealed depending on the water 
bodies in which the species were found. These interspecies differences are most likely due to diverse 
environmental factors so that the elaborated method was reliable only for Saidenbach Reservoir. The 
principal approach however can be adapted to other water bodies.  
 
 
2.1 Introduction  
Tanypodinae larvae are common in lakes and streams. With their free ranging mode 
of moving through the top layers of the sediment, the Tanypodinae are somehow 
unusual among the chironomids because they lack tube building ability. Tanypodinae 
are predators (prey include: tubificids, chironomids, crustaceans), and also feed on 
algae or detritus especially in unfavourable foraging conditions (Armitage, 1968). Of 
the seven families, the Procladiini family has only one genus, Procladius, which 
includes several species. Species determination is most precise by means of using 
imagines or pupae whereas larvae show no remarkable features for a clear species 
distinction. Nevertheless, with the presence of more than one Procladius species in 
the same water body, a distinction of the larvae (species and instar) is essential for 
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the examination of their life cycles especially in the case of different voltinism, 
different emergence periods or overlapping cohorts. Detailed knowledge of the life 
cycle is, in turn, a prerequisite for ecological studies. In this paper one focus is laid on 
the attempt to demonstrate a differentiation method for two Procladius species which 
were morphologically not distinguishable at first glance, Procladius crassinervis and 
Procladius choreus. These species were two of the most abundant species in the 
mesotrophic drinking water reservoir Saidenbach, Germany. Additionally, 
morphological features of Chironomus anthracinus (another dominant species) and 
C. plumosus (a less abundant species), were examined. The other focus of this study 
was to work out an additional method to subdivide the instar IV larvae of Procladius. 
This was a precondition to obtain further information about life cycle characteristics 
(e.g. hibernating state, end of dormancy etc.) of a species in larval state IV (LS IV) 
which is the state with longest duration (Reist and Fischer, 1987). The method was 
based on the imaginal disc development worked out from Goddeeris et al. (2001) 
who divided the IVth instar into 18 subphases for the midge Chironomus riparius. 
 
 
2.2 Material and methods  
2.2.1 Sampling of larvae 
In 2005 a chironomid survey was done in Saidenbach Reservoir (maximum depth 
48 m, mean depth 15.3 m) to develop a taxa list as a preliminary working step 
towards an ecological analysis of dominant chironomid species. Several samples 
were taken by an Ekman grab at different depths from the littoral to the profundal 
horizons. The mud was sieved (200 µm mesh size) and the residue preserved with 
95 % ethanol. The larvae were sorted and identified in the laboratory with a 
dissecting microscope.  
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2.2.2 Species identification 
The larvae of Procladius had no morphological features which allowed a reliable 
distinction of different species at first glance. Data from underwater pupal traps 
hanging just above the sediment revealed that two species of Procladius inhabited 
the Saidenbach Reservoir: Procladius crassinervis and P. choreus (pers. comm. 
Dettinger-Klemm). A main differentiation feature of the pupae was the shape and size 
of the thoracal horn (P. crassinervis bigger, D-shaped, saccade and P. choreus 
smaller, tube like). It was possible to follow the growth of the thoracal horn (TH) in the 
course of the imaginal disc development in the larvae from late instar IV to prepupae. 
Thus the shape of the larval TH was one of the key differentiation features for the two 
Procladius species. It gave clear evidence for the differentiation from larval state (LS) 
IV TH onwards (see below). The two Chironomus species were easily discernable 
with the help of morphological criteria. The differentiation was done with the most 
recent keys available (Wiederholm, 1983, Saether et al. 2000). Only C. plumosus had 
lateral tubuli, the coloration of the head capsule was more intensive and the mentum 
type (type I) was different from that of C. anthracinus (type II). 
 
2.2.3 Differentiation of the Procladius species by means of head capsule size 
and depth distribution 
With the help of the imaginal discs we were able to work out that the head capsules 
of LS IV larvae of P. crassinervis were bigger than those of P. choreus. The head 
capsule sizes of a larval instar are about twice as large (Reist et al. 1987), LS II and 
LS III of P. crassinervis were consequently bigger than those of P. choreus. A first 
plot of all head capsule lengths against head capsule widths showed no clear 
distinction between the species from LS II up to LS IV 1a - 4b. Further differentiation 
of the two species was then carried out under the assumption that P. crassinervis 
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was a deep water species (pupae were mainly found in the deep profundal zone 20 -
 40 m and to a less extent in the upper profundal 10 - 20 m) in contrast to P. choreus, 
whose pupae were mainly found in the littoral zone in 7 m depth. Further plots of 
head capsule lengths against head capsule widths of different depth horizons in 3 to 
5 m intervals revealed distinct groups of head capsules which finally could be 
assigned to the respective species and instar.  
 
2.2.4 Other morphological criteria 
For the four species investigated the larval body length (postoccipitalmargin to 
procercus) was measured. Results were plotted as augmentation in length compared 
to the previous state. In cases of overlapping head capsule sizes of the two species, 
larval body length was used as a second indicator for species determination. 
Furthermore, the thickness of thoracal segment 2 (TS 2) and abdominal segment 1 
(AS 1) was determined. The size difference between TS 2 and AS 1 was calculated 
for each larval instar as a degree of the swelling of the larval body toward pupation.   
  
2.2.5 Development of imaginal discs  
According to Goddeeris et al. (2001) the development of the imaginal discs of the 4th 
larval stage can be subdivided into 18 more sub stages, i.e. 1a, 1b; 2a, 2b; …; 9a, 
9b. From instar IV 5a to 7b, the thoracal horn is the main criterion for the 
determination of the sub stadium. This subdivision is possible for chironomids whose 
thoracal horn is fascicular, like Chironomus, where the stages can be divided with the 
help of the structures of the thoracal horn from stage instar IV 4b onwards (Figure 2). 
The results of Goddeeris et al. (2001) for C. riparius were applicable without 
modification for C. anthracinus and C. plumosus. On the other hand, since the 
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TH 
TH 
saccade thoracal horn of the LS IV 5a-7b of Procladius had no other remarkable 
structures, it could only be differentiated using the length of the thoracal horn. 
 
 
 
 
 
 
Figure 2. Thoracal horn of P. crassinervis and C. anthracinus  
pupae; note the form of the thoracal horn (TH)  
 
 
This horn is largest for P. crassinervis with 625 µm and for P. choreus 450 µm below 
instar IV 8a (starts of wing folding). The larvae were classified into LSIV 4b using the 
length of the thoracal horn of 25 µm to 100 µm the. The remaining thoracal horn 
sizes >100 µm and below LSIV 8a were split into equal classes. Therefore, LS IV 5a-
7b of P. crassinervis results in 6 sub stages (LSIV >100; >188; >275; >363; >450; 
>538 µm) and P. choreus in two (LS IV >100; >275 µm) because of its smaller size. 
The key for the determination is shown in Figure 3. The key to the instar IV substates 
was the following (TH: thoracal horn): 
1a:   No structures visible in the three thoracal segments 
1b:  First predisposition of mid leg and wing (small round points)  
2a:   Mid Leg completely enclosed in a sheath 
2b:   Mid Leg U-shaped by a dorsal invagination 
3a:   Fibia- Tibia segmentation starting 
3b:   Femur well distinct from Tibia 
4a:   Segmentation of Tarsus starting 
4b:   Tarsus well segmented; TH appears as small round point 
TH >100 µm:  TH length over 100 µm  
TH >188 µm:  TH length over 188 µm (not in P. choreus) 
TH >275 µm:  TH length over 275 µm 
TH >363 µm:  TH length over 363 µm (not in P. choreus) 
TH >450 µm:  TH length over 450 µm (not in P. choreus) 
TH >538 µm:  TH length over 538 µm (not in P. choreus) 
8a:   Wing in thoracal segment 2 starts to fold  
8b:   Wing is well folded 
9a:   TH starts to sclerotize  
9b:                  TH well sclerotized, dark brown 
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P. crassinervis 
 
 
1a, b 
 
 
 
 
2a, b 
 
 
 
3a, b 
 
 
 
 
4a, b 
 
 
 
TH > 100 µm  
 
 
 
 
TH > 250  
/ > 625 µm 
 
  
 
8a, b 
 
 
 
9a, b  
 
 
 
P. choreus 
9b 
 
 
 
 
 
Figure 3. Development of imaginal discs in P. crassinervis modified according to Goddeeris et al. 
(2001) TS: thoracal segment, AS: abdominal segment, W: wing, L: leg, TH: thoracal horn 
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2.3. Results 
2.3.1 Procladius crassinervis and P. choreus 
The results of the head size analysis are shown in Figure 4 and Table 1. The head 
capsule widths of P. crassinervis LS II were 47 µm broader than P. choreus on 
average.  At LS III it was 115 µm and in LS IV they were 271 µm broader. The mean 
increase of the mean head capsule sizes between subsequent instars varied from 1.8 
to 2.1 fold in P. crassinervis and 1.7 to 1.9 fold in P. choreus.  
 
Table 1. Mean size of head capsules and larval body length  
(µm), N: number of measured larvae, LS: larval state  
 
 
 
 
 
 
 
 
 
 
The mean body length of P. crassinervis was in average 0.4 mm (LS II), 0.8 mm (LS 
III) and 3.4 mm (LS IV) larger than P. choreus. When shifting from one larval stage to 
the subsequent, the increase of body length differed between the two species 
(Figure 5). Highest values of increase were found in the transition from LS II to LS III 
(P. crassinervis 73 %, P. choreus 77 %) and LSIII to LS IV 1a, b (P. crassinervis 
74 %, P. choreus 42 %) for both Procladius species. Maximum mean length was 
reached for P. crassinervis in LS IV >450 µm (11.6 mm) and for P. choreus in LS IV 
8a, b (9.4 mm). Prepupaes (LS IV 8a-9b) of P. crassinervis showed a decrease of 
 LS Head Capsule Body Length N 
  Length Width   
P. choreus I 125 85 1300 1 
 II 217 167 2145 89 
 III 397 290 3600 285 
 IV 709 558 6505 347 
P.  crassinervis I 175 100 1500 1 
 II 278 214 2528 147 
 III 526 405 4397 213 
 IV 1085 829 9892 268 
C. anthracinus III 450 382 7392 46 
 IV 865 720 14625 264 
C. plumosus III 507 422 7835 25 
 IV 889 783 19701 74 
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body length up to 10 %, LS IV 9a, b of P. choreus lost 27 % of the proceeding instar 
body length before pupation. Pupation again led to a strong reduction in size of about 
28 % (P. crassinervis, mean values 7.4 mm) and 17 % (P. choreus, mean values 
5.7 mm).  
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Head capsule sizes of the different larval states of P. crassinervis, P. choreus, C. 
anthracinus and C. plumosus. LS: larval state, N: Number of measured individuals, black line left: 
mesh size of the used sieve (200 µm), right: field between 200 and 300 µm (see text) 
 
During the development from larvae to pupae, the thoracal segments became thicker 
than the abdominal segments. In Procladius a constant thickening was observed 
from beginning LS IV onwards with thoracal segment 2 (TS 2) equal or broader than 
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abdominal segment 1 (AS 1). The development of larval body thickness had three 
remarkable phases (Figure 6). (Phase 1) In the young instars, the thickness of TS 2 
was not very much distinguished from that of AS 1 (mean size difference between 
both segments 1-56 µm in P. crassinervis and 1-34 µm in P. choreus). (2) Thickening 
began in P. crassinervis with LS IV >363 µm until LS IV 8a (size difference 143-
213 µm) and in P. choreus with LS IV >100 µm (size difference between the two 
segments 95-235 µm). (3) Maximum swelling occurred in LS IV 8b-9b for 
P. crassinervis (size difference 303-501 µm) and for P. choreus in LS IV 9a-9b (size 
difference of 475-500 µm). P. crassinervis (mean LS IV 9b 1433 µm) was thicker than 
P. choreus (mean LS IV 9b 1154 µm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Development of body length of the particular larval states (mm), % values indicate growth in 
comparison to the previous larval state, regression line follows the equation y = a ln(x) + y0 without 
negative values of prepupae and pupae: P. crassinervis: y = 4,2 ln(x) + 2,339 p(a): <0,0001 p(y0): 
0,0003, P. choreus: y = 3,596 ln(x) + 1,699 p(a): <0,0001, p(y0): 0,0006, C. anthracinus: y = 4,161 
ln(x) + 7,836 p(a): <0,0001, p(y0): <0,0001, C. plumosus: y = 6,11 ln(x) + 9,828 p(a): 0,0007, p(y0): 
0,0006 
y = 6110,4Ln(x) + 9828,3
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Figure 6. Development of the thickness of the particular larval states (µm): Size difference between 
thoracal segment 2 and abdominal segment 1, positive values: thoracal segment 2 is taller than 
abdominal segment 1, negative values: thoracal segment 2 is smaller than abdominal segment 1 
 
 
2.3.2 Chironomus anthracinus and C. plumosus  
The head capsule sizes attained for the two Chironomus species are shown in 
Figure 4 and Table 1. The head capsule width of C. plumosus was a little broader 
than C. anthracinus (LS III 40 mm and LS IV 63 µm). The mean increase of the mean 
head capsule sizes between the different instars within one species varied from 1.8 
to 1.9 fold. C. plumosus was larger than C. anthracinus (LS III 0.4 mm and LS IV 
5 mm). Its maximal mean length of 24.9 mm was reached in LS IV 5a, b, which was 
7.5 mm taller than C. anthracinus (maximal mean length in LS IV 6a, b of 17.3 mm). 
The highest increase of body length compared to the previous instar occurred in both 
species in LS IV 1a, b with 51 % augment (C. anthracinus) and 92 % in C. plumosus 
(Figure 5). The two Chironomus species exhibited no constant thickening of their 
thoracal segments. Furthermore a late beginning of thickening occurred with TG 2, 
being first smaller than AS 1 (Figure 6).  In the young LS III / IV larvae, the thoracal 
segment 2 was smaller than abdominal segment 1. Until instar 8a, TS 1 was between 
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22 µm and 110 µm thinner than AS 2 (C. anthracinus) and for C. plumosus between 
38 µm and 242 µm. Thickening of TS 2 began in both species with instar 8b and 
reached maximum size difference to AS 1 of 199 µm (C. anthracinus) and 244 µm 
(C. plumosus). C. plumosus was the thicker one of the two midges (maximum mean 
thickness of LS IV 9b 1850 µm; C. anthracinus 1590 µm).  
 
 
2.4. Discussion 
2.4.1 Method  
 In the present study it was possible to elaborate a relatively reliable method to 
distinguish the larvae of the two Procladius species. With the help of imaginal disc 
development, head capsule size and depth distribution, a good differentiation of the 
two Procladius species was achieved. The presumed depth distribution derived from 
the pupal traps (P. crassinervis deep water species, P. choreus shallow water 
species) was confirmed by the larval distribution (Figure 7) which was achieved with 
the species identification based on the head capsule size. Furthermore, the 
measurement of both length and width was necessary to reduce the overlapping area 
of head capsule sizes of both species. 
 
 
 
 
 
 
Figure 7. Depth distribution of P. crassinervis and P. choreus  
in 2005 in Saidenbach Reservoir, N: number of caught larvae 
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About 80 % of all P. choreus larvae were found in the littoral in 2005, only few were 
present in the upper profundal (10-20 m). Almost 80 % of all P. crassinervis larvae 
(LS II to young LS IV) inhabited the upper profundal and mature LS IV larvae 
preferred the deep profundal (75 %). Furthermore the method of Goddeeris et al. 
(2001) to subdivide LS IV larvae according to the development of the imaginal discs 
was successfully applied to the two Chironomus species and with some modifications 
also to the two Procladius species. The identification of the imaginal discs has a 
major importance in analysing the life cycle in more detail and to find out 
characteristic stages in the development of chironomid larvae to pupae.    
The size of the sieve gauge used determines the size of larvae which are 
retained after washing the mud. The problem of the reduced retention of chironomids 
in the sieve with larger mesh sizes has been discussed by many authors (e.g. 
Jonasson, 1955, Hudson and Adams 1998). With the sieving mesh size of 200 µm in 
this survey, LS IV and LS III larvae of all four species were retained efficiently. Only 
the head capsules of LS II larvae of P. crassinervis and Chironomus sp. were both 
larger and smaller than 200 µm and therefore not collected quantitatively as well as 
LS II larvae of P. choreus, all of which were smaller than 200 µm. Nevertheless, LS II 
larvae of P. choreus were caught in considerable numbers. All larvae with a head 
capsule width smaller than 200 µm, especially LS I larvae, were retained only if the 
larvae rolled up during the washing process. Thus, just a few LS I larvae and some 
more LS II larvae were occasionally found in the samples. The number of sampled 
larvae with head capsule width below 200 µm was higher for Procladius than for 
Chironomus. One might explain this with the rolling up behaviour as described by 
Jonasson (1955) which is supposedly developed to a stronger degree in Procladius 
than in Chironomus. It is also noteworthy that in the field between 200 µm and 300 
µm head capsule width (Figure 4), which corresponds to LS II larvae of Chironomus 
  
 17
sp. and P. crassinervis as well as to LS III of P. choreus, a greater number of 
Procladius larvae compared to Chironomus larvae were found. More Procladius 
larvae were detected despite the fact that the abundance of both species was high in 
the reservoir with an equal sampling effort in the different depth horizons of the 
reservoir. This might be an effect of either a random or an aggregated distribution 
pattern or a consequence of an unusual mode of life of the young instars of 
Chironomus. Generally, for sampling younger instars of the four species, a mesh size 
of at least 50-60 µm is recommended, but also results in a much higher hand sorting 
effort under the dissecting microscope because of the higher amount of retained mud 
and organic matter in the samples especially in the littoral and upper profundal.   
 
2.4.2 Head capsule width 
The plot of head capsule length against width of the four species made it possible to 
easily differentiate the larval instars within one species. When comparing the different 
species, the two Chironomus species showed a clear instar distribution, in contrast to 
Procladius, where the instars were not distinguishable at first glance. Despite the 
good identification of each Procladius species with the help of the imaginal discs, 
head capsule width, body length and depth distribution, a few head capsules still 
remained difficult to determine in the area of overlapping head capsule clouds. 
Nevertheless, this elaborated method is a reliable basis for a life cycle analysis where 
instar determination is of crucial importance.  
When comparing the results of this study with the results of other studies 
within the same species, a large scatter of mean head capsule width was evident 
(Figure 8, Table 2). Generally the mean head width of this study was smaller than the 
values found from literature. In the case of C. plumosus, of which the highest number 
of head size values was found in literature, the diversity of this group, which includes 
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several types, might be responsible for these differences. It was rather astonishing, 
however, to see such high differences within the same species, especially for P. 
choreus. In literature, three main factors are mentioned which influence larval head 
capsule size: (1) temperature and (2) habitat quality and (3) the conservation agent. 
These are discussed as follows: (1) Frouz, Ali and Lobinske (2002) found that for 
Chironomus crassicaudatus head capsule widths changed due to temperature. The 
maximum head capsule width in LS IV larvae was found at 20 °C (mean value about 
695 µm) which was associated with the temperature optimum for larval growth and 
decreased at both higher and lower temperatures (minimal mean value about 635 µm 
at 32.5 °C and 645 µm at 15 °C). This corresponds t o a range of 60 µm caused by 
temperature influence. For C. plumosus the seven mean values found in literature 
vary for LS IV larvae between 783 µm and 976 µm (range 193 µm) and for LS III 
larvae between 422 µm and 520 µm (range 98µm). 
 
 
 
 
 
 
 
 
 
Figure 8. Head capsule width (µm) of larvae from different water bodies (mean (not given in all 
studies), minimum, maximum, grey triangles: values from this study, references for the other values 
are in Table 2) 
 
 
 
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
 C. plumosus                          C. anthracinus              P. crassinervis            P. choreus 
 
LSI   LSII   LSIII  LSIV             LSI    LSIII                               LSIII                            LSI      LSII      LSIII   LSIV             
                                                        LSII    LSIV                    LSII      LSIV  
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
H
e
a
d 
Ca
ps
u
le
 
W
id
th
 
µm
 
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
  
 19
Table 2. Literature data of head capsules width of larval stages I, II, III and IV: range and/ or mean 
(µm), Location: water body and country; LN: Lough Neagh, LB: Lake Balaton, LE: Lake Esrom, W: 
Wohlensee, LR: Lower Litton Reservoir, LC: Linesville Creek, LW: Lake Winnebago, EN: Eglwys 
Nunydd Reservoir 
 
 
Figure 8 also suggest an increase of this range between maximum and minimum 
values with increasing instar and which reaches its maximum at LS IV. This same 
phenomenon occurred in P. choreus. The range for the four values from the literature 
increases from LS II with 102 µm (minimum 154 µm, maximum 261 µm) to LS III with 
199 µm (minimum 272 µm, maximum 470 µm) to LS  IV with 401 µm (minimum 
469 µm, maximum 870 µm). On the other hand, Reist and Fischer (1987) did not find 
any temperature influence on head capsule width for Chironomus plumosus, 
C. nuditarsis and C. bernensis at 20 °C and 25 °C. (2) The second factor influenc ing 
head capsule size was the habitat quality. Stanko-Kishic, Cooper and Silver (1999) 
performed experiments on Chironomus riparius larvae reared on sand or sand 
 I II III IV Location Source  Preservation 
P. crass - 260 440 910 LN GB Carter 1976 - 
P. chor - 136-171 217-326 395-543 LB H Specziar 1998 80 % EtOH 
P. chor 
130-148; 
139 
226-278; 
261 
418-522; 
470 
818-922; 
870 
EN Wales Potter et al. 1974 70 % EtOH 
P. chor 
113-125; 
118 
154-275; 
194 
300-425; 
341 
450-725; 
557 
LB E Prat et al. 1995 70 % EtOH 
C. anthr - 220 410 760 LN GB Carter 1976 - 
C. anthr 113 210 400 690 LE DK Jonasson 1972 - 
C.plum - - - 870 LN GB Carter 1976 - 
C.plum 117 231 452 852 W CH Reist et al. 1979 80 % EtOH 
C.plum - - - 830 LR UK Olafsson 1992 3 % Formalin 
C.plum - - 295-424 606-788 LB H Specziar 1998 80 % EtOH 
C.plum - 150-350; 
250 
412-625; 
520 
700-1075; 
929 
LB E Prat et al. 1995 70 % EtOH 
C.plum 105 - - - LC USA Casas 1996 alive 
C.plum 120-150; 
130 
220-280; 
250 
440-550; 
490 
880-1010; 
950 
LW USA Hilsenhoff 1966 - 
C.plum 113-122; 
117 
209-261; 
233 
452-522; 
486 
853-1114; 
976 
EN Wales Potter et al. 1974 70 % EtOH 
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amended with leaf particles of different size. The larvae in all traits were equally fed 
with a food suspension. The result was that head capsule length of instar III larvae 
raised in unamended sand was significantly smaller than those of larvae raised in 
substrate with leaf particles. Particle size of the leaves also caused the effect that the 
LS III larvae and LS IV larvae head capsule lengths decreased in habitats with large 
particles. Thus habitats with high quality patches resulted in greater larval size. (3) 
The preservation method as third potential influencing factor was described by 
Paradis et al. (2007) for perch. They observed that the weight of the organisms was 
more affected than the length. The smallest length reduction occurred with formalin, 
followed by dry ice and ethanol. Donald and Paterson (1975) found that the 
magnitude of the change of fresh wet weight to preserved wet weight varied with 
species, preservative, preservation time and the nature of the water used for 
preservative dilution. As the body of perch and chironomids is not sclerotized the 
strength of the influence of the preservation medium on the sclerotized head 
capsules of Chironomidae might be less strong because of the properties of Chitin 
which is a robust material and therefore probably less susceptible. All in all, the 
variability of larval head capsules within the same species seems to be very large 
between different water bodies. The author concludes that the elaborated distinction 
on the basis of head capsule length and width (Figure 4) of P. choreus and 
P. crassinervis is only reliable for the Saidenbach Reservoir. The principal approach 
of using imaginal discs, depth distribution and head size dimensions, however, is a 
reliable method and can be adapted to other water bodies.  
  
2.4.3 Larval growth 
In contrast to the stepwise growth pattern of the head capsules the growth of the 
larval body is more or less continuous even though it is influenced by environmental 
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conditions (Anderson and Cummins, 1978). Nevertheless, the mean body length of 
an instar is nearly twice as long as the previous instar (Table 1) as already found for 
the head capsule width. But larval length is nonetheless no reliable parameter to 
distinguish larval instars as the larval length of a respective instars overlaps to a high 
extent with the previous or the subsequent instar (Figure 8).  
The huge scattering which was found in the mean head capsule widths in 
distinct water bodies was also present in the larval length. P choreus larvae in 
Saidenbach Reservoir and in Lake Balaton were likewise small compared to Eglwys 
Nunydd Reservoir (Table 3, Figure 8). In C. plumosus these size variations were less 
developed. The differences in larval length growth observed in distinct water bodies 
depend on many environmental factors such as oxygen, temperature, food and 
season (Pinder, 1995). Periods with strong growth (for example in the autumn 
overturn or during the spring algal bloom) are alternated with periods of low growth 
(during winter and during summer stagnation with oxygen depletion). The intensity of 
growth and the duration of these periods differ from one lake to another.  
 
 
Table 3. Literature data of larval body length (mm) of larval stages I, II, III and IV: minimum, maximum, 
mean 
 
 
LS I LS II LS III LS IV Source 
P. choreus 1.57-1.9; 1.7 1.8-3.41; 2.64 2.95-6.56; 4.47 5.25-12.6; 9.04 Potter et al., 1974 
 - 1.3-3.1 1.6-5.2 3.8-9.2 Specziar, 1998 
 - 1.43-2.8; 2.15 1.7-5.2; 3.6 3.08-10.84; 6.51 This study 
C. plumosus 1.43-2.5; 1.9 2.36-4.2; 3.1 4.2-9.45; 6.69 8.92-26.77; 19.46 Potter et al., 1974 
 - - 5.27-10.2; 7.84 7.44-26.7; 19.7 This study 
 
The growth pattern between instars of the four species was very similar (Figure 5). 
The two Procladius species grew the most in the shift from LS II to LS III and from 
LS III to LS IV 1a, b. The two Chironomus species also showed greatest growth from 
LS III to LS IV 1a, b and probably also from LS II to LS III (no LS II caught). The 
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mature LS IV larvae in all four species grow less in length and even underwent a 
length reduction; however, they grew greatly in the thickness of their thoracal 
segments as a preliminary step towards pupation.  
 
 
 
 
 
 
 
 
 
Figure 9. Body length (mm) of larvae from different water bodies (mean (not given in all studies), 
minimum, maximum, grey triangles: values from this study, references for the other values are in 
Table. 3) 
 
The results of the head capsule size and body length measurements showed that for 
an analysis of the life cycle pattern of chironomids the utilisation of head capsules is 
more exact than the sole measurement of total larval body length. The measurement 
of head capsule size allows attributing the larvae to their respective instar. This 
allows one to follow the development of a cohort very clearly. With the help of the 
imaginal discs, LS IV larvae, which belong to different cohorts, are easily attributable 
to the respective group, especially when larvae have a two year life cycle with a part 
of the cohort just emerging in the first year (Jonasson, 1972).  
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3. FIVE - YEAR LIFE CYCLE PATTERN OF TWO PROCLADIUS AND  
     TWO CHIRONOMUS SPECIES IN THE MESOTROPHIC SAIDENBACH   
     RESERVOIR 
 
 
Abstract 
1. A five year investigation of the life cycle and its inducement by abiotic factors of four important 
chironomid species (Procladius choreus, P. crassinervis, Chironomus anthracinus and C. plumosus) 
and the chironomid tribe Tanytarsini was performed in a mesotrophic drinking water reservoir in 
Germany.  
 
2. The univoltin P. crassinervis was not affected anyhow by oxygen or temperature. Abundances and 
start of pupation were more or less constant between the years.  
 
3. The usually also univoltin P. choreus was relatively independent from oxygen, but temperatures 
above a certain threshold lead to a second generation in a year. Warmer years showed higher 
abundances in the upper profundal than colder years. 
 
4. The univoltin C. plumosus showed no dependence on oxygen, but temperature affected somehow 
the start of pupation and the larval abundance.  
 
5. C. anthracinus performed a two year life cycle with a part of the population pupating still after the 
first year which turned into a univoltin life cycle in especially warm years. Its life cycle was influenced 
by temperature (start of pupation, voltinism). Abundances were affected by oxygen (especially low 
abundance in oxygen poor year) and phytoplankton biovolume (higher abundances in years with 
higher biovolume of phytoplankton).  
 
6. The Tanytarsini (univoltin) were affected by temperature (bivoltin in warm years) and oxygen 
(abundance).  
 
7. A comparison between the larval abundance and the pupation rate revealed a high loss of 
individuals during pupation probably through predation by perch.  
 
8. This study showed that the distinct species were differently influenced in abundance and life cycle 
pattern by yearly weather alterations depending on the oxygen stress tolerance of the respective 
species and their temperature demand for development. 
 
 
3.1 Introduction  
 
Chironomids constitute a large portion of the annual production of aquatic insects in 
streams, rivers, lakes, permanent ponds and temporary pools (Dettinger Klemm, 
2003). In the profundal of deep lakes, the zoobenthos is mainly composed of 
chironomids and oligochaets (e.g. Armitage, 1995, Zlatko, 2000). Thus, chironomids 
are an important food source for fish and water fowl. In particular the dark coloured 
chironomid pupae play an important role in the diet of optically-orientated predators 
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when they ascend to the water surface (Schindler and Scheuerell 2002) after passing 
through the typical life cycle of holometabol insects (eggs, larvae, pupae, imagines). 
While the first (egg) and the last phase (pupae, imago) of the chironomid life are 
generally very short in duration, the larval phase with its four sub states constitutes 
the main part. The life history pattern and especially the larval phase vary 
considerably according to climate, altitude, water depth, food resource and other 
environmental factors (Specziár 2008). Variations in life cycle duration within the 
same species can therefore add up to several years between different habitats (e.g. 
Buttler, 1981, Carter 1980). Between different chironomid species the length of the 
life cycle ranges from a few days to several years depending on species and habitat. 
For example, about 50 generations of a small Corynoneura species were  reported 
from a subtropical stream within one year, while the longest duration (7 years) for a 
chironomid life cycle was found in an arctic pond (Saether et al, 2000).  
Field investigations in Saidenbach Reservoir since 2005 focussed on the 
relationship between the benthic and the pelagic food web. The three identified key 
organisms in this benthic pelagic coupling were Daphnia, YOY and adult perch 
(Perca fluviatilis) as well as a few chironomid species. Chironomids were of crucial 
importance in this relation especially during the short time of their emergence period, 
when the pupae constituted the preferred food of perch. Differences in the timing of 
this pupation period between the years had several direct and indirect effects on the 
population of the food web key species and finally to some extent on the water 
quality. The identification of the most important chironomid prey items in the diet of 
perch out of the 65 chironomid species found in Saidenbach Reservoir in 2005 
revealed that only three species were important as prey items (Procladius 
crassinervis, Chironomus anthracinus and C. plumosus). In this survey the life cycle 
of these three important species is analysed further. The chironomid 
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Procladius choreus is additionally examined because of its high abundance and 
difficult distinction from P. crassinervis in the larval state, which was only possible 
with the help of the determination of imaginal disc development, depth distribution 
and head capsule size (Hempel, 2010). Despite the fact that the life cycle and other 
aspects of C. plumosus and C. anthracinus in different water bodies are relatively 
well investigated (e.g. Reist & Fischer 1987, Jonasson 1996, Hansen et al. 1998, 
Goedkoop et al. 1998, Brackenbury 2000, Hamburger et al. 2000, Real et al. 2000, 
Hirabayashi et al. 2003, Jonasson, 1961), a detailed analysis of the conditions in 
Saidenbach Reservoir was necessary to understand the mechanism of the benthic 
pelagic coupling. Contrarily, the life cycle of P. choreus and especially of 
P. crassinervis is little known. Thus, the long term investigation of the life cycle of 
these four species over five years provides some insight into the year to year 
dynamics of abundance, the voltinism and the pupation timing under the control of 
different abiotic conditions, mainly temperature and oxygen. Temperature is 
postulated to be the main factor influencing the beginning of pupation and with it the 
start of the benthic pelagic coupling via perch.  
 
3.2 Material and methods  
3.2.1 Study area 
The deep, dimicitc and mesotrophic Saidenbach reservoir is situated in the Ore 
Mountains (Erzgebirge) in the south of Saxony, Germany (50°44 ’N; 13°14 ’E). It is 
characterized by a high stability of stratification in summer due to the low ratio of 
surface area (146 ha) to mean depth (15.3 m). The maximum volume is 22.4 hm³, the 
surface area is 146 ha and the maximum depth amounts to 48 m. The shores are 
relatively steep with a small littoral zone. Four bays are fed by small rivers, one bay 
(Reifland Bay) is without inflow. 
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3.2.2 Sampling of chironomid larvae 
From 2005 until 2009, sampling took place from spring to autumn two times a month. 
In the cold season, one sampling per month was performed according to the ice 
conditions on the reservoir. Sampling was done along a transect from the Hölzelbach 
Bay into the Central Basin and some more samples were taken in Reifland Bay in 
several years (Figure 10). The transect was run from the upper profundal (10-20 m) 
to the deep profundal zone (20-40 m) except in 2005, where the littoral zone (0-10 m) 
was included (Table 4). We decided to omit the littoral zone from 2006 onwards 
because results from the 2005 investigation showed that the three key species were 
rarely present in this zone. Chironomid larvae were taken with an Ekman Grab 
(225 cm2). The water depth was measured with a small echo-sounder (CUDA 128). 
 
Table 4. Number of samples from 2005 to 2009, L: littoral 0-10 m,  
UP: upper profundal 10-20 m, P: deep profundal 20-40 m 
 
 2005 2006 2007 2008 2009 
Horizon L UP P UP P UP P UP P UP P 
Samples 101 91 66 123 81 138 73 92 79 56 56 
 
 
 
 
 
 
 
 
 
Figure 10. Map of Saidenbach Reservoir with contour lines (5 m range) and sampling points from 2005 
to 2009. Data from the Haselbach Bay are analysed elsewhere. Grey symbols represent the pupal and 
larval trapping site (note the change in sampling area in Haselbach and Reifland Bay) 
Reifland Bay 
L: 2006-2007 
P: 2005-2007 
 
Hölzelbach Bay 
L, P: 2005- 2009 
 
Pupal Trap (P) 
Larvae sampling site 
Ekman grab (L) 
Measurement of abiotic 
conditions 
Haselbach Bay 
P: 2008-2009 
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A 200 µm sieve was used to wash the sediment and the residue immediately 
preserved in 95 % Ethanol. The sorting and counting of larvae as well as the 
determination of the larval state and the development of imaginal discs was done 
with a dissecting microscope using the most recent keys available. Instar and 
imaginal disc identification was only performed for the three dominant species which 
were Chironomus anthracinus, Procladius crassinervis and P. choreus and also for 
the less abundant C. plumosus. Of these four species, an analysis of the frequency 
of each instar was made by summing up the total number of all larvae in the same 
instar (LS II to LS IV) over the five investigated years. LS IV larvae were furthermore 
subdivided according to the development of the imaginal discs (Goddeeris et al., 
2001) into the three sub phases early (1a-4b), proceeded (TH: the identification of 
this phase relied on the thoracal horn (TH) development, see chapter 2) and mature 
(8a-9b; prepupae) LS IV. The remaining species were pooled either to the group 
Tanytarsini or to the group “other species”.  
 
Table 5. Mean abundance from 2005 to 2009 in the littoral, the upper profundal  
and the deep profundal and percentage of distribution 
 
  
0-10m  10-20m  20-40m  
  
L m-2 % L m-2 % L m-2 % 
C. anthracinus Larvae 
 
 20,7 31,3 45,4 68,7 
C. plumosus 
 
 
 10,5 84,8 1,9 15,2 
P. crassinervis 
 
 
 32,0 58,8 22,4 41,2 
P. choreus 
 
 
 31,1 72,8 11,6 27,2 
P. choreus 2005 68,1 77,7 8,8 10,0 10,8 12,3 
Tanytarsini 2005 96,3 51,7 73,7 39,6 16,1 8,7 
Other Species 2005 377,2 79,9 74,2 15,7 20,9 4,4 
C. anthracinus Pupae 
 4,5  68,4  27,1 
C. plumosus 
 
 72,5  27,5  0,0 
P. crassinervis 
 
 8,1  26,8  65,1 
P. choreus 
 
 92,4  7,0  0,6 
 
The larval abundance as number of larvae per m2 (larvae m-2) was determined as 
mean of the samples in the specific depth horizon which was found to be the main 
distribution area of the respective species (C. anthracinus 10-40 m, C. plumosus 10-
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20 m, P. crassinervis 10-40 m and P. choreus 10-20 m, Tanytarsini 0-20 m, “other 
species” 0-10 m; Table 5). The composition of the total chironomid fauna was 
furthermore investigated by working out the percentage distribution of the two 
Procladius and the two Chironomus species, the Tanytarsini group and the group of 
remaining species in upper (10-20 m) and deep (20-40 m) profundal. 
 
3.2.3 Sampling of chironomid pupae 
Chironomid pupae were caught in nine under water floating traps. The traps were 
exposed close above the sediment at four depth ranges (0-10 m, 10-20 m, 20-30 m 
and >30 m). In 2005-2007 four traps were placed in Hölzelbach Bay and five in 
Reifland Bay, in 2008 and 2009 four traps were set each in Hölzelbach Bay and 
Haselbach Bay (Figure 10). Emptying took place weekly. After pulling the traps up to 
the surface the content of the trap jar was poured through a 100 µm mesh and 
preserved in 96 % ethanol. Species were determined using a dissecting microscope 
and the most recent keys available by Andreas Dettinger Klemm, Annekatrin Wagner 
and Markus Rümmler (TU Dresden, Institute of Hydrobiology). For the life cycle 
analysis of the four chironomid species pupation rates (pupation of individuals per 
day and m2) were determined as mean of each depth horizon (littoral, upper 
profundal, deep profundal) per sampling day.  
  
3.2.4 Mortality   
To calculate the mean larval loss by predation or non-consumptive mortality in the 
shift from the larval stadium to the pupal stadium the expected pupation rate was 
compared with the effective pupation rate calculated on the pupae caught in the 
funnel traps. The effective pupation rate was calculated as described above by 
estimating the mean over the respective pupation period. To determine the expected 
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pupation rate (1) the mean larval densities of generation 2004 (pupation in spring 
2005) to generation 2008 (pupation in spring 2009) was elaborated. The considered 
period was from October to December and April to July (10-40 m) for C. anthracinus, 
from April to December (10-20 m) for C. plumosus, from July to December and April 
to June for P. crassinervis (10-40 m) and P. choreus (10-20 m) and from September 
to December and April to June for the Tanytarsini (10-20 m, only in 2008 and 2009). 
Late summer periods with too low abundances were neglected, also the winter 
samples as they varied too much between the years because of different sampling 
due to ice conditions. (2) The duration of the main pupation period found from the 
data of the pupae traps was used as reference time in which all expected larvae 
should also pupate. The main peak was defined by the first date with a strong and 
sudden rise in pupation rate and ended in a strong decrease of pupation rate. Single 
pupae before and after were not included in the main peak. The expected pupation 
rate was then calculated as the quotient of mean total larval abundance and the 
duration of the main pupation period. The difference between the expected pupation 
rate and the effective pupation rate was considered as loss of larvae and early pupae 
due to predation or non-consumptive mortality. 
 
3.2.5 Abiotic conditions 
High resolution measurements of temperature and oxygen concentration were 
determined weekly throughout the whole water column with digital probes (CTD, Sea 
& Sun Technology GmbH, Trappenkamp Germany) in the main basin (Figure 10). 
The mean monthly temperature values of the five years in littoral, the upper profundal 
and the deep profundal were compared to a long term data set from January 1975 
until December 2008 by calculating their monthly deviation from the long term 
monthly mean. In this way it was possible to estimate climate variations which usually 
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occur between the years over a longer period. Oxygen conditions were estimated by 
calculating the duration of the oxygen depletion in the metalimnion (10-20 m) and the 
hypolimnion (20-40 m) below 4 mg L-1, which is already in the critical limit for 
chironomids with low or no haemoglobin (Hamburger et al., 1998). Young instars of 
haemoglobin containing species are also vulnerable to low oxygen conditions as LS I 
and even LS II exhibit no or low haemoglobin concentrations (Jonasson, 1972). 
Temperature and oxygen values are also given for 2004 as they affected the 
chironomid populations found in the beginning of 2005. Additionally, the total yearly 
biomass volume (mm3 m-3) of the phytoplankton was provided by the ecological 
station of the TU Dresden in Neunzehnhain (H. Horn, pers. comm.). 
 
3.3 Results 
3.3.1 Abiotic conditions and phytoplankton 
3.3.1.2 Temperature 
Figure 11 demonstrates the mean monthly temperature deviation from the long term 
data for the three depth horizons. Mean monthly temperature values for the long term 
data set are given in Table 6 as well as the sum of the mean monthly deviation from 
the long term data set. The mean temperatures in the littoral were in 2007, 2008 and 
2009 larvae most over the whole year higher; only in 2004, 2005 and 2006 the first 
half of the year was colder than the average. For the upper profundal temperatures 
the years 2005 and 2006 stood out with being up to 5.3 °K colder than the average 
over the whole year except for two or three months in the end of the year with higher 
temperatures. The year 2004 showed the same pattern but to a lesser extent. 2007 
was the warmest year especially in winter and spring. In 2008 and 2009 there was a 
warm winter, followed by a cold spring and summer and warm autumn. Remarkable 
were the permanently higher temperatures in the end of the investigated years. In 
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2005, 2006 and 2009, the profundal was colder than the mean long term data nearly 
throughout the whole year, also in 2004, but to a lesser extent. Only 2007 showed 
higher temperatures and is therefore characterized as the warmest of all years.  
 
 
 
 
 
 
 
 
 
 
Figure 11. Difference between the mean monthly temperature (2004 to 2009) and the mean of long 
time data (1975 to 2008) in littoral, upper profundal and deep profundal  
 
Table 6. Left: Long term data of mean monthly temperature °C  from January 1975 to December 2008 
in littoral (L), upper profundal (UP) and deep profundal (DP), Middle: sum of mean monthly deviation 
from the long term data set, Right: duration of oxygen depletion with less than 4 mg L-1 (UH: upper 
hypolimnetic oxygen depletion 10-20 m, DH deep hypolimnetic oxygen depletion 20-40 m, T: total 
oxygen depletion) and phytoplankton biomass volume (total yearly mean 2004 to 2009), source of 
long term data and phytoplankton: Ökologische Station Neunzehnhain of TU Dresden 
 
Long term temperature 
 
Deviation f. long term data 
 
Oxygen depletion  Phytopl 
°C L UP DP  °C L UP DP  Days UH DH T  mm3L-1 
Jan 2,6 3,0 3,1  2004 4,7 -1,2 0,0  2004 43 63 90  14.68 
Feb 2,6 2,9 3,1  2005 0,5 -11,4 -11,6  2005 55 55 90  4.15 
Mrch 3,8 3,7 3,6  2006 -0,8 -17,9 -15,3  2006 48 100 145  1.79 
Apr 7,0 5,0 4,5  2007 9,1 2,7 6,0  2007 15 22 37  9.50 
May 11,5 6,2 5,0  2008 6,9 -8,3 -3,2  2008 0 35 35  14.99 
Jun 15,6 7,6 5,5  2009 9,5 -4,7 -9,4  2009 80 95 141  2.28 
Jul 17,7 9,9 6,1             
Aug 17,7 12,5 7,0             
Sep 15,5 13,6 8,3             
Oct 11,9 11,5 8,8             
Nov 7,5 7,5 7,0             
Dec 5,0 5,0 4,9             
 
The cumulative mean monthly deviation from the long term data set showed that 
2007 and 2004 were the warmest years whereas 2006 was the coldest followed by 
2005. 2008 and 2009 were at a medium level (Table 7).  
-2 0 2 4 -4 -2 0 2
Difference of Temperature °C 
-4 -2 0 2 4 6
2004
2005
2006
2007
2008
2009
Difference of Temperature °C 
Jan
Jan
Jan
Jan
Dec
Jan
Dec
Dec
Dec
Dec
Jan
Dec
K 
Littoral                            Upper Profundal                Deep Profundal 
  
 32
Table 7. Cumulative mean monthly deviation from the long term data from January to December in 
littoral, upper and deep profundal  
 
 2004 2005 2006 2007 2008 2009 
0-10m 4,7 0,5 -0,8 9,1 6,9 9,5 
10-20m -1,2 -11,4 -17,9 2,7 -8,3 -4,7 
20-40m 0,0 -11,6 -15,3 6,0 -3,2 -9,4 
 
3.3.1.2 Oxygen 
Generally two types of oxygen distributions were found in the years 2004 to 2009. On 
one hand, there were the oxygen rich years 2007 and 2008 with no or only slight and 
short oxygen depletion below 4 mg L-1 in the metalimnion (10-20 m) and slight and 
short hypolimnetic oxygen depletion (Figure 12, Table 6.) On the other hand there 
were the oxygen poor years 2004, 2005, 2006 and 2009 with pronounced oxygen 
deficiency in the meta- and hypolimnion.  
 
 
 
 
 
 
 
 
Figure 12. Oxygen conditions in seven depths in a year with strong (2005) and in a year with weak 
(2008) hypolimnetic oxygen depletion, horizontal line: critical value of 4 mg L-1 
 
 
3.3.1.3 Phytoplankton 
The years 2004 and 2008 had highest phytoplankton biovolume (Table 6). 2005 and 
2007 were at a medium level and 2006 and 2009 were at a very low level. No direct 
relationship was found between phytoplankton biovolume and the duration of the 
oxygen depletion below 4 mg L-1 (for example the phytoplankton in 2006 had lowest 
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values and the duration of the oxygen depletion was highest). The Spearman's rank 
correlation test (performed with R) was not significant with a p-value of 0.1361. 
 
3.3.2 Life cycle analysis  
3.3.2.1 Composition of instars 
Figure 13 shows the frequency of each larval instar over the total time period of the 
investigation. The lack of LS I and the especially low number of LS II and LS III 
compared to LS IV was somehow surprising. Usually, the abundance decreases 
considerably from LS I to LS IV due to natural mortality. In Saidenbach Reservoir, 
however, the four investigated species showed an augment in larval density with age. 
Procladius: The number of LS III larvae in the two Procladius species was 
considerably higher than the number of LS II larvae.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Composition of instars (LS II to LS IV) in the sediment (P. crassinervis 10-40 m, P. choreus 
0-10 m (only 2005) and 10-20 m, C. anthracinus 10-40 m, C. plumosus 10-20 m) from 2005 to 2009, 
LS IV is splitted into its sub stadiums, N: Number of individuals caught (LS II / III / IV), in brackets: 
number of sediment grabs 
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About 50 % of all larvae were in LS IV. Most LS IV larvae of P. crassinervis were 
found in medium LS IV (51 %), mature larvae were very rarely. LS IV larvae of 
P. choreus were mainly caught as young LS IV (72 %); nearly no mature LS IV larvae 
were detected. Chironomus: The number of LS III larvae was very low, no LS I and 
no LS II larvae were caught. Thus, LS IV larvae constituted the strongest fraction with 
about 90 % of all larvae with most of them in medium LS IV (C. anthracinus) and with 
a uniformly distribution (C. plumosus).    
 
3.3.2.2 Procladius crassinervis 
One pupation peak in early spring (Figure 14), accompanied by a strong decrease of 
total larval density (LS II to LS IV) towards summer which occasionally reached  an 
abundance of 0 larvae m-2 and the following strong increase of larval density from 
late summer onwards (Figure 15) indicated an one year life cycle. The interannual 
variability showed a regular trend during the five investigated years. Mean generation 
density was at a comparable level around 32 larvae m-2 (mean from July to June in 
the subsequent year) for the generation of 2006 (G06), G07, G08 and the first half of 
G09. G04 was the strongest generation with a mean of 48 larvae m-2 in their second 
half year. G05 had the lowest mean abundance with 23 larvae m-2 which was a 
consequence of the absence of the usual increase of larval abundance in the end of 
2005. This high loss of larvae resulted in lower abundances in the following spring 
and thus in the lowest pupation peak in this five year period. The lack of larvae in 
March 2006 was caused by the concentration of the sampling sites on three ice holes 
during ice cover on the reservoir. Remarkable abundance fluctuations between the 
single sampling days in the phase of the pupation caused decrease and the 
recruitment caused increase of larval density. This might be an effect of random or 
aggregated distribution (see chapter 4).  
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Figure 14. Pupation pattern of the four key species, N: total number of pupae in the respective year 
(data from A. Dettinger Klemm, A. Wagner, M. Rümmler) 
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Figure 15. Total number of all instars of chironomid larvae on the respective sampling day over five 
years in the main distribution depth of each species 
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Figure 15. Continued  
 
Further details of the life cycle are shown in Figure 16 with the development of the 
different larval states (LS) II, LS III and LS IV which was additionally subdivided 
according to the development of the imaginal discs into the three sub phases early, 
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pupation with a very different duration of the development time from LS II to LS IV. 
Thus, the faster developing larvae shift into LS III up to LS IV TH still in summer and 
slow developing larvae stay until the next spring in LS II performing a longer 
dormancy. The faster developing larvae might be the first ones pupating in spring; the 
slower ones pupated until late summer in low numbers. 2005 was an exception 
because pupation peaked one month later in the end of May. The duration of mature 
LS IV 8a-9b was very short as they were found rarely and just after onset of pupation 
(except for 2005). The pupation peak in the five years was characterized by a high 
uniformity. The highest number of pupae in the traps was always found in the last 
week of April in 2007, 2008 and 2009. In 2006 it probably would have been the 
same, if more larvae had survived the end of 2005. The duration of the total pupation 
period lasted between 97 days in 2005 and 132 in 2007 (Figure 14). The main 
pupation period between the first occurrence of pupae and the end of the strong 
decrease of the main peak varied in the range of 48 days in 2006 and 66 days in 
2009. This irregularity did not originate only from the two pupation peaks in 2007 and 
the consequently later pupation peak in 2008 which was a result of the delayed 
occurrence of the offspring from the second generation in 2007. The newly hatched 
larvae of the second generation in 2007 had less time to finish their development as 
the larvae with only one generation per year.   
 
 
Below: Figure 16. Life cycle pattern of P. crassinervis over five years in the main distribution depth in 
10-40 m, arrows indicate the respective generation (G), Larvae (bars): N: number of 
LS II/ LS III/ LS IV, in parenthesis: number of samples, the standard error is given, Pupae (points; data 
from A. Dettinger Klemm, A. Wagner, M. Rümmler): ciphers in bold: number of individuals found,  
x-axis: instar II, III and IV; instar IV is additionally subdivided into early (1a-4b), medium and mature 
(8a-9b) instar IV larvae 
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3.3.2.3 Procladius choreus 
The life cycle of P. choreus was characterized by a shift between a one year life cycle 
(2005, 2006, 2008 and 2009) and a life cycle with two generations per year (2007). 
Years with a univoltin cycle are characterized by one pupation peak in July to late 
August or beginning September (Figure 14). Total larval abundances (Figure 15) 
showed again the two phases with firstly a decreasing tendency towards summer 
which was caused by pupation and secondly an increasing tendency in late summer 
caused by the recruitment of newly hatched young larvae. However, the abundance 
fluctuation between the single sampling days in each of these two phases was at a 
very high level compared to P. crassinervis and C. anthracinus. 2007 was an 
exception characterized by a low abundance fluctuation. The total abundance during 
summer was at a constant high level contrary to the other four years. This irregularity 
was caused by a second generation which occurred in this warm year. 2007 was 
therefore characterized by a very early pupation peak (main peak already in the end 
of May) and one late pupation peak in September. The larvae overwintered as LS II 
to LS IV 1a-4b as it was the case in P. crassinervis (Figure 17). LS II larvae were not 
found in winter in the upper profundal in the two cold years 2005 and 2006, but 
probably they were present in the littoral, which was in 2005 found to be the main 
distribution area (Table 2).  
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Figure 17. Life cycle pattern of P. choreus over the five years in the main distribution depth in 10-20 m, 
in 2005 the results of the littoral investigation are shown in the upper picture, arrows indicate the 
respective generation (G), Larvae (bars): N: number of LS II/ LS III/ LS IV, in parenthesis: number of 
samples, the standard error is given, Pupae (points): ciphers in bold: number of individuals found, 
x-axis: instar II, III and IV; instar IV is additionally subdivided into early (1a-4b), medium and mature 
(8a-9b) instar IV larvae 
 
LS IV larvae were most caught as LS IV 1a-4b (93 %), occasionally as LS IV TH 
(4 %) and just rarely as mature LS IV 8a-9b (2 %; most prepupae in 2007). Therefore 
it stands to reason that the growth through the later LS IV sub stadiums was very 
fast. The pupation peak of P. choreus was not as regular as it was for P. crassinervis. 
This irregularity did not originate only from the two pupation peaks in 2007 and the 
consequently later pupation peak in 2008 which was a result of the delayed 
occurrence of the offspring from the second generation in 2007. The newly hatched 
larvae from the second generation of 2007 had less time to finish their development 
as the larvae with only one generation per year. Especially high abundances of LS II 
and LS III were consequently found in the beginning of 2008 which then pupated 
later than the other larvae in the four years. The irregularity in the pupation pattern 
was also caused by stronger fluctuations in the pupation rate which was also 
reflected in the larval abundances as mentioned above. The occurrence of the main 
peak with highest numbers of pupae caught extended from 1st July until 12th August 
in the four univoltin years. In 2007 about three months laid between the first main 
pupation peak in the end of May and the second in beginning of September. It was 
noticeable that in most years a period of lower pupation rate appeared before or after 
the main pupation peak, probably reflecting the different time needed for 
development of the larvae in dependence on the instar in which they overwintered. 
This development duration pattern of fast and slow growing larvae was also found in 
P. crassinervis. 
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3.3.2.4 Chironomus anthracinus 
The life cycle of C. anthracinus alternated between a one year cycle in 2007 and a 
life cycle with the major part of the cohort performing a one year life cycle and a 
minor part resting in the sediment until the following year requiring two years to finish 
their life cycle in the other four years. One year cycles were characterized by a strong 
decrease of larval abundances towards August to a nearly complete absence of 
larvae in the sediment due to pupation (Figure 15). From September the offspring 
occurred as LS III or LS IV 1a-4b (Figure 18). In 2005 and 2009 no reduction of larval 
abundances was found in summer (Figure 15), caused by a high presence of LSIII in 
May to July and young LSIV in August. In 2005 LS IV 7a-9b larvae were observed for 
two months from beginning of April to beginning of June (in accordance with pupation 
activity) and again four months later from beginning of October until December. 
Mature larvae (7a-9b) in late autumn were only found in 2005 and 2009 which were 
probably the remaining larvae from the generation the bulk of which already pupated 
in summer. For the years 2006 and 2007 it was difficult to determine the final life 
cycle pattern because of the low abundances. The one and two year pattern might 
also have been valid for these years. Larvae overwintered in all years as LS III and 
LS IV 1a-8b; from November to the first week of April 5 % were LS III; 25 % were in 
LS IV 1a-4b; 57 % were found in LS IV 5a,b and 13 % as LS IV 6a-8b (mean of all 
five years). Last occurrence of LS III was early in spring in the three one year cycles 
(20.04.2006; 02.04.2007 and 27.02.2008, Figure 18). During autumn of 2005, 2006 
and 2009 a severe decline of larval abundances occurred because of a strong loss of 
the young offspring larvae. Thus the new generation was not able to establish itself 
as it was the case in 2007 and 2008 where rising densities in the end of the year 
were observed.  
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Figure 18. Life cycle pattern of C. anthracinus over the five years in the main distribution depth in 10-
40 m, in 2005 the results of the littoral investigation are shown in the upper picture, arrows indicate the 
respective generation (G), Larvae (bars): N: number of LS II/ LS III/ LS IV, in parenthesis: number of 
samples, the standard error is given, Pupae (points): ciphers in bold: number of individuals found, 
x-axis: instar II, III and IV; instar IV is additionally subdivided into early (1a-4b), medium (5a-6b) and 
mature (7a-9b) instar IV larvae 
 
The mean larval abundance from April to July was in 2005 48 larvae m-2, in 2006 
8 larvae m-2, in 2007 4 larvae m-2, in 2008 41 larvae m-2 (tenfold increase in relation 
to 2007) and in 2009 117 larvae m-2 (threefold increase compared to 2008). Despite 
of the low number of pupae in 2007 the recruitment of the new generation was very 
successful with the tenfold increase in larval densities probably owing to a low 
mortality of the eggs or LS I larvae. The main pupation period began in the middle of 
June in the years from 2007 to 2009 (Figure 14). In 2006 no remarkable pupation 
activity was measured due to the lack of larvae. 2005 was a year with a very early 
start of pupation already in May (about 7 weeks earlier than in 2008 and in 2009). 
The duration of the main pupation peak in 2005 amounted to 60 days (29.04. to 
28.06.), in 2008 it took 57 days (24.06. to 20.08.) and in 2009 it lasted 53 days 
(14.06. to 06.08.). The intensity of the pupation activity was reflected by the larval 
standing stock in the sediment. 2009 showed highest densities and thus the pupation 
rate was the highest followed by 2008. Although mean larval abundance in 2005 was 
slightly higher than in 2008, the pupation rate was lower giving some more evidence 
for the partial two year life cycle in 2005 (summation of the daily pupation rate 
(individuals m-2 d-1) during the total pupation period: 1.58 (2005) 0.18 (2006) 0.74 
(2007) 3.41 (2008) 6.3 (2009)).  
 
3.3.2.5 Chironomus plumosus 
The abundance of C. plumosus was much less than the density of C. anthracinus. 
LS III larvae were rarely found (Figure 19). 
 
  
 46
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2005 
N: 0/47 (91)   
0
20
40
60
80
100
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV
15-Nov 6-Apr 14-Apr 28-Apr 11-May 23-May 6-Jun 20-Jun 4-Jul 18-Jul 1-Aug 5-Sep 4-Oct 2-Nov 5-Dec
 
La
rv
a
e
/m
2
0,0
0,5
1,0
1,5
2,0
In
d 
m
-
2  
d-
1
LS III
LS IV
Pupae 0-10m
2
21
22
0/4 (2)
0/0 (7)
0/2 (4)
0/3 (7)
0/11 (8)
0/1 (8)
0/4 (8)
0/4 (4)
0/9 (6)0/6 (8)
0/1 (8)
0/0 (8)
0/1 (3)
0/1 (4)
0/0 (6)
3
C. plumosus 10-20m 
2006 
N: 0/7 (123)  
0
20
40
60
80
100
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV
9-Feb 13-Mar 20-Apr 2-May 19-May 7-Jun 19-Jun 3-Jul 17-Jul 31-Jul 16-Aug 29-Aug 22-Sep 24-Oct 27-Nov
 
La
rv
a
e
/m
2
0,0
0,5
1,0
1,5
2,0
In
d 
m
-
2  
d-
1
3
5
1
7
1
0/0 (18)
0/1 (10)0/1 (8)0/1 (8)0/1 (8)
0/0 (8)
0/0 (8)
0/0 (9)
0/2 (8)
0/1 (8)
0/0 (9)0/0 (7)0/0 (6)0/0 (8)0/0 (2)
3
2007 
N: 0/17 (138)  
0
20
40
60
80
100
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
1a
-
4b
5a
-
6b
7a
-
9b
III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV
22-Jan 5-Mar 19-Mar 2-Apr 16-Apr 30-Apr 15-May 28-May 11-Jun 25-Jun 10-Jul 24-Jul 6-Aug 23-Aug 17-Sep 11-Oct 19-Nov
 
La
rv
a
e
/m
2
0,0
0,5
1,0
1,5
2,0
In
d 
m
-
2  
d-
1
0/0 (7) 0/0 (8)
0/1 (8)0/1 (8)0/1 (8)0/2 (8)
0/1 (8)
0/0 (8)
0/4 (9)
0/0 (7)
0/2 (10) 0/1 (8)
0/0 (9)
0/1 (8)0/1 (9)
0/2 (7)
0/0 (8)
1
2
11
3
1
 2008 
N: 1/33 (92)  
0
20
40
60
80
100
III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV
29-Jan 27-Feb 1-Apr 15-Apr 29-Apr 13-M ay 26-M ay 9-Jun 24-Jun 7-Jul 21-Jul 4-Aug 18-Aug 4-Sep 18-Sep 7-Oct 21-Oct 1-Dec
 
La
rv
a
e
/m
2
0,0
0,5
1,0
1,5
2,0
In
d 
m
-
2  
d-
1
5
0/0 (8)
0/0 (4)0/1 (4)
0/6 (4)
0/5 (4)
0/0 (4)
0/4 (4)
0/1 (4)
0/3 (4)
1/1 (6)
0/0 (8)
0/1 (7)
0/3 (4)
0/3 (4)
3
2
0/0 (4)
0/2 (8)
0/0 (7)
0/3 (4)
2009 
N: 0/17 (56)  
0
20
40
60
80
100
III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV
2. Apr. 27. Apr. 18. M ai. 2. Jun. 15. Jun. 29. Jun. 14. Jul. 4. Aug. 20. Aug. 10. Sep. 5. Okt. 23. Okt. 17. Nov. 7. Dez.
 
La
rv
a
e
/m
2
0,0
0,5
1,0
1,5
2,0
In
d 
m
-
2  
d-
1
2
0/1 (4) 0/2 (4) 0/1 (4)0/1 (4)0/1 (4)
0/0 (4)
0/3 (4)
0/4 (4)0/4 (4)
0/0 (4)
3
1
0/0 (4) 0/0 (4) 0/0 (4)
0/0 (4)
 15. Nov. 6. Apr. 14. Apr. 28. Apr. 11. Mai.23. Mai. 6. Jun. 20. Jun.  4. Jul.   18. Jul.  1. Aug.  5. Sep.  4. Okt. 2. Nov. 5. Dez. 
9. eb.13. rz.  20. Apr. . ai.  1 . ai.  . Jun.  . Jun. 3. Jul.  1 . Jul.  . Jul. 1 . Aug. 9.Aug. . ep.2 . kt.  2 . ov. 
2 . an . rz 19. rz 2.Apr  16.Apr 30.Apr 15.Mai 28.M i 1 .Ju   25. n10.J l  24.J l  6.Aug  23.Au .17. 1 . kt19.No  
   29.Jan. 27 Feb.1.Apr. 15.Apr. 29.Apr.13.Mai.26.Mai.9.Jun. 24.Jun. 7.Jul.  21.Jul. 4.Aug.18.Aug. 4.Sep. 18.Sep.7.Okt. 21.Okt.1.Dez. 
  2.Apr.   27.Apr.  18. ai.   2.Jun.    15.Jun.   29.Jun.  14.Jul.   4.Aug.   20.Aug.  10.Sep.  5.Okt.    23.Okt.   17. Nov. 7.Dez.
III I III I III I III I III I III I III I III I III I III I III I III IV III I III I III IV III I III IV III IV
-J - - r - r - r - y - y -J -J -J l -Jul - ug 18- g 4-Se 18-Sep 7- ct 21- ct 1-Dec
III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV III IV
  
 47
Figure 19. Life cycle pattern of C. plumosus over the five years in the main distribution depth in 10-20 
m, in 2005 the results of the littoral investigation are shown in the upper picture, arrows indicate the 
respective generation (G), Larvae (bars): N: number of LS II/ LS III/ LS IV, in parenthesis: number of 
samples, the standard error is given, Pupae (points): ciphers in bold: number of individuals found, 
x-axis: instar II, III and IV; instar IV is additionally subdivided into early (1a-4b), medium (5a-6b) and 
mature (7a-9b) instar IV larvae 
 
This impeded the interpretation of the life cycle pattern just as the overall low 
abundances of LS IV did. The annual pattern of C. plumosus showed some 
similarities with that of C. anthracinus. Thus the highest abundances were found in 
2005 (mean from April to the end of the year with 22 larvae m-2), 2008 (mean 
22 larvae m-2) and in 2009 (mean 13 larvae m-2) especially in the first half of the year 
while in 2006 (mean 3 larvae m-2) and 2007 (6 larvae m-2) very few larvae were 
caught. C. plumosus was the only species of which no decrease of abundances 
towards summer and increase towards winter was observed (Figure 15). Furthermore 
an increase until the end of June in 2005 and 2008 and until May in 2009 occurred 
followed by a break-in caused by pupation which lasted until the beginning of August.  
Subsequently, a short increase and strong decrease towards winter followed. Despite 
the low density of larvae the succession pattern over the years of early and mature 
LS IV as well as the pupation peak gave some evidence that the life cycle was 
presumably univoltin. Early and medium winter LS IV which had developed from eggs 
laid in the previous year, continued to develop to prepupae, pupated in summer and 
autumn and early LS IV from the new generation occurred in the end of the year. The 
development of the larvae was not strictly synchronic since mature LS IV larvae were 
found over a long time interval (i.e. from 06.06. to 04.10. in 2005 or from 13.05. to 
21.10. in 2008). The start of pupation varied considerably between the years (Figure 
14). The period in which the maximal pupation rate was detected had a range of 
about 4 months between the earliest in 2007 (30.04.) and the latest maximal 
pupation activity in 2008 (23.08.). The maximal rate was achieved in 2009 on the 
09.06. and in 2005 and 2006 in the second week of July.  
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3.3.2.6 Tanytarsini  
In 2005 five genera of the subfamily Tanytarsini could be detected (Cladotanytarsus, 
Micropsectra, Paratanytarsus, Stempellinella and Tanytarsus). Numerically most 
important were Tanytarsus sp. (54 %) and Stempelinella minor (30 %). Figure 15 
suggests an univoltin life cycle for all Tanytarsini which were found in 10-40 m. A 
clear trend was evident with decreasing abundances towards June (pupation) and 
rising densities from August onwards (recruitment). In 2009 a successful 
establishment of a new generation failed somehow, abundances did not exceed 22 
larvae m-2. 2007 did not follow the usual trend as high larval abundances were found 
throughout the whole year just as it already occurred in P. choreus. Here, a second 
generation probably developed in this year. The clear trend rendered obvious that 
one species out of all Tanytarsini dominated the upper profundal and also the deep 
profundal (own data not shown). The presence of more than one species with 
comparable density in the upper profundal would surely result in a less defined 
pattern. As in 2005 one of the dominant species was mainly distributed in the littoral 
(Stempelinella minor 81 %) and the other dominant species Tanytarsus sp. inhabited 
also the upper profundal in higher numbers (35 %), it was probably the life cycle of 
Tanytarsus sp. that was reflected in Figure 15. Mean generation density (period from 
the end of September to December and April to June in the succeeding year in the 
upper profundal) accounted for 133 larvae m-2 in generation (G) 2004 (April to June 
2005), 34 larvae m-2 (G05), 367 larvae m-2 (G06), 323 larvae m-2 (G07 I), 232 larvae 
m-2 (G07 II), 216 larvae m-2 (G08) and 7 larvae m-2 (G09; September to December).  
 
3.3.2.7 Other species  
The remaining species had a mean yearly abundance in the upper profundal of about 
44 larvae m-2 in 2007, 2008 and 2009. 2006 accounted up to 33 larvae m-2 and 2005 
  
 49
had highest abundances with 130 larvae m-2.  No clear pattern was visible because 
of the different pupation period of each single species (Figure 15).   
 
3.3.3 Influence of abiotic conditions on pupation and life cycle 
Table 8 shows the mean larval abundances between the distinct generations. High 
disparity was found especially for C. anthracinus, P. choreus and the Tanytarsini. The 
percental composition of the chironomid fauna indicated that huge differences 
occurred between the years (Figure 20). Thus the upper profundal was dominated by 
the Tanytarsini in G06 until G08 (more than 50 % of the total chironomid fauna).  
 
Table 8. Mean larval abundance of each generation 
 
 
G04 G05 G06 G07 I G07 II G08 G09 Depth 
P. crassinervis 48 23 32 32  32 35 10-40m 
C. anthracinus 55 19 7 37  103 18 10-40m 
P. choreus 18 20 45 51 61 70 44 10-20m 
Tanytarsini 133 34 367 323 232 216 7 10-20m 
C. plumosus 
 22 3 6  22 13 10-20m 
Other Specis  130 33 48  45 39 10-20m 
 
 
 
 
 
 
 
 
 
Figure 20. Composition of the larval chironomid fauna in the sediment grabs from 2005 to 2009 in the 
profundal (10-40 m), G: generation, larval densities were calculated from the second half year 
(recruitment) until spring in the subsequent year (emergence) except for C. plumosus and “other 
species” (April to December), the Tanytarsini and P. choreus had two generations per year in 2007 
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In 2005 five genera of the subfamily Tanytarsini could be detected (Cladotanytarsus, 
Micropsectra, Paratanytarsus, Stempellinella and Tanytarsus). The group “other 
species” was important in G05 and G09 whereas the Procladius and Chironomus 
species were less important. P. crassinervis constituted a relatively constant level 
throughout the years. In the deep profundal C. anthracinus and P. crassinervis 
became more dominant, the Tanytarsini were present at a higher level in the three 
years mentioned above. In the following section the relationship of these findings and 
other life cycle characteristics with abiotic conditions is examined.  
 
3.3.3.1 Procladius crassinervis 
P. crassinervis was one of the species pupating early in spring (end of March, 
beginning of April) when water temperatures were still low. The mean temperature in 
the profundal encountered on the start of pupation was 4.4 °C (Table 9). 
P. crassinervis was therefore a cold adapted chironomid. The start of pupation in 
P. crassinervis seems to be more or less independent of temperature above a mean 
March temperature in 10-20 m of 3 °C. In the years 2006 to 2009 the start of the 
pupation period maximally differed by eight days (29.03. in 2007 to 06.04. in 2006, 
Figure 21). The start of pupation in the year 2005 was especially late; mean March 
temperatures were colder. Additionally, no relation was found between the start of 
pupation and the sum of daily temperatures from the summer of the last year to 
spring (Table 9). The relatively high constancy of the start of pupation paired with a 
similar pupation progress in all years except in 2005 indicated that there was a 
temperature threshold below 4 °C which stimulated l arval development towards 
prepupae and finally pupation once it was exceeded. This pupation pattern was 
therefore relatively independent from the temperature conditions in the year before. 
No relation to phytoplankton biovolume and oxygen was detected (Table 10).  
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Table 9. Mean Temperature °C in the littoral, upper  profundal and deep profundal on the start of the 
main pupation period (start of continuous peak) 
 
 
 
 
Table 10. Results from the Spearman correlation test (the p-value is given) between abundance and 
start of pupation of the four investigated chironomid species and the chironomid tribe Tanytarsini 
during the five years against mean yearly phytoplankton biovolume, duration of the oxygen depletion 
(see Table 6) according to the main distribution area of each chironomid species (C. anthracinus and 
P. crassinervis 20-40 m, P. choreus, C. plumosus and Tanytarsini 10-20 m) and the sum of daily 
temperature in the following time period: correlation with abundance: P. crassinervis: 01.Juli - 
31.Dezember; 01.Februar - 30.April, P. choreus: 01.February - 30.November (mean yearly 
temperature was calculated), C. anthracinus: 01.Juli - 30.November, C. plumosus: 01.Juli - 
31.Dezember; 01.Februar - 30.April, Tanytarsini: 01.September to 31.December and 01.April to 
30.June; start of pupation: 01.July -31.December and 01.February -30.April, values for January were 
not available), in bold: significant values 
 
p (abundance) P. crassinervis P. choreus C. anthracinus C. plumosus Tanytarsini 
Phytoplankton 0.774 0.450 0.003 0.269 1.000 
Oxygen 0.955 0.517 0.136 0.935 0.240 
Day Degree 0.718 0.450 0.356 0.322 0.173 
p (start of pupation) P. crassinervis P. choreus C. anthracinus C. plumosus 
 
Day Degree 0.917 0.450 0.133 0.233  
 
 
3.3.3.2 Procladius choreus 
Temperature was the main factor which influenced the voltinism of P. choreus. 
Neither was there a relation between the mean temperature of any month in spring in 
the littoral and the first occurrence of pupae or the start of the main pupation period 
nor was there one between the sum of daily temperatures from the summer of the 
last year to spring and the first occurrence of pupae or the start of the main pupation 
period (Figure 21, Table 10; the second generation of 2007 was not included into the 
correlation analysis). The start of the main pupation period varied by 17 days; in the 
 
P. crassinervis P. choreus C. anthracinus C. plumosus 
  10-20 m 20-40 m 0-10 m 10-20 m 20-40 m 0-10 m 
2005 4.7 4.3 13.2 4.9 4.3 15.5 
2006 3.9 3.6 10.5 4.6 3.9 16.7 
2007 5.2 4.9 10.9 7.2 5.8 9.1 
2008 4.6 4.3 16.5 6.1 5.2 17.5 
2009 4.2 4.0 15.3 6.4 4.3 13.3 
Mean     4.5 4.2 13.3 5.9 4.7 14.4 
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cold year of 2006 the main peak was detected on the 21.05. while in the warmer year 
of 2008 it was on the 20.06. Mean water temperature in the littoral at the start of the 
main peak accounted for 13.3 °C on average (Table 9 ). P. choreus thus preferred 
warmer conditions than P. crassinervis. In 2007 the first pupation period started 
already on the 10th of May. Because of the unusually warm mean monthly 
temperatures in 0-10 m in December of 2006 (6.8 °C)  and in beginning of 2007 (Jan 
4.8 °C, Feb 3.5 °C, March 4.4 °C, Apr 8.2 °C, May 1 3.3 °C, Jun 17.3 °C) the newly 
hatched larvae had better development conditions resulting in an early first pupation 
peak in middle of May followed by a second one later in the year. Warm conditions in 
the end of the last year and a very warm winter were necessary for an earlier first 
pupation period; a strong rise in mean temperature in April as it took place in 2009 
(March 2.7 °C, April 7.7 °C) was not sufficient to provoke an earlier pupation. 
Prolonged warm conditions in summer 2007 gave the basic conditions for the 
development of a second generation which reflected the flexibility of the P. choreus 
life cycle pattern. During the five years fluctuations in the mean yearly abundances 
were observed. In the warmer years from 2007 to 2009 higher numbers of larvae 
were caught in the upper profundal. The two cold years 2005 and 2006 had a fewer 
number of larvae in this depth horizon. Again no relation to the phytoplankton 
biomass volume was detected (Table 10). The relation between mean yearly 
temperature from February to November in 10-20 m and larval abundances is given 
in Figure 24. As larvae were mostly found in the littoral in 2005 it was assumably also 
the case in the other years. Favourable temperature conditions in the upper 
profundal might hence have resulted in an expansion of the habitat in deeper layers 
and/or otherwise in an augmentation in abundances in the not investigated littoral. 
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Figure 21. Relationship between the sum of daily temperature (01.July to 31.December and 
01.February to 30.April) in the main distribution depth of each species and the start of pupation 
(occurrence of pupae in the pupae traps) from 2005 to 2009 (black diamonds), P. crassinervis: grey 
triangles: date with highest pupation rate (main peak); no significant correlation was found (table 10); 
Chironomus: black lines separate groups of years with a delay of the onset of pupation in colder years 
(upper left field) and an early start in warmer years (bottom right field), P. choreus had an additional 
generation in 2007 
 
 
3.3.3.3 Chironomus anthracinus 
C. anthracinus was a species that pupated in summer mainly in the upper profundal. 
Water temperatures in that depth horizon were still low around 6 °C indicating that 
C. anthracinus preferred colder conditions (Table 9). A plot of the daily temperature 
sum in the deep profundal (main distribution area of the larvae) from 1st July to 31th 
December in the previous year until 1st February to 30th April in the year when 
pupation occurred against the start of the main pupation period showed to groups 
(Figure 21). The years 2006, 2007 and 2009 had lower temperature sums and a later 
start of pupation compared to 2005 and 2008 with higher temperature sums and 
earlier pupation. However, no significant correlation was found (Table 10) but a 
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tendency towards an earlier pupation with rising temperatures was detected. In 2005 
and 2009 a part of the cohort remained as larvae without pupating after the first year. 
In 2008 no larvae from the old generation (G07) were found after the end of the 
pupation period. The newly hatched larvae of G07 favoured from the unusually high 
temperatures in the end of the year 2007 in the deep profundal and the high 
temperatures in the beginning year 2008 (Figure 11) and thus all larvae pupated after 
the first year.  
 
 
 
 
 
 
 
 
 
 
Figure 22. Relationship between the mean abundance of C. anthracinus (01.October (occurrence of 
new larvae) until 31.December and 01.April until 31.July (July: pupation period) of the subsequent 
year; winter data were only partially available for the five years) and the Tanytarsini (01.September 
(occurrence of new larvae) until 31.December, 01.April until 31.June, June: pupation period) and the 
duration of the oxygen depletion with less than 4 mg L-1 (C. anthracinus: upper hypolimnetic and deep 
profundal depletion, Tanytarsini: upper hypolimnetic depletion), G: Generation of the respective year 
(e.g. G04 refers to 2004 (newly hatched larvae) until 2005 (Emergenz)), no significant correlation was 
found (table 9), black lines separate groups of years with a tendency of higher abundances in oxygen 
rich years (upper left field) and lower abundances in oxygen poor years (bottom right field) with G04 
(C. anthracinus) and G06 (Tanytarsini) as exceptions 
 
 
 
 
 
 
 
 
 
Figure 23. Relationship between the mean abundance of C. anthracinus (time period see text to 
Figure 21) and the mean yearly phytoplankton biovolume 
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Figure 24. Relationship between the mean abundance of C. anthracinus (10-40 m; see text of Figure 
21), P. choreus (10-20 m, mean from 01.April until 31.December; separation into the respective 
generations was not possible) and C. plumosus (10-20 m, mean from 01.April until 31.December) and 
mean yearly temperature from 01.February to 30.November (P. choreus) or sum of daily temperature 
(C. anthracinus: 01.Juli - 30.November and C. plumosus: ), no significant correlation was found, black 
lines separate groups of years with a tendency of lower abundances in colder years (bottom left field) 
and higher abundances in warmer years (upper right field) with G08 (C. anthracinus) as exception, the 
p value for C. anthracinus without G08 was 0.133  
 
 
The temperature conditions during the development of the newly hatched LS I larvae 
and LS II larvae in the second half of a year was assumably decisive for the shift from 
the common life cycle pattern with a one year and a two year part to a one year 
pattern. The other year with high spring temperatures (2007) had very cold conditions 
in the second half of the preceding year (2006) and therefore the 2007 emerging 
larvae probably followed the usual pattern. Unfortunately, with the few larvae found in 
2006 and 2007 no reliable conclusion of the life cycle pattern was possible.  
Oxygen conditions also had a strong influence on the larval densities. The 
years 2007 and 2008 were characterized by a short duration of oxygen 
concentrations below 4 mg L-1 resulting in high larval abundances from the end of 
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2007 to the beginning of 2009 (Figure 22). Long lasting oxygen deficiency in the 
profundal in 2005, 2006 and 2009 provoked a high mortality of the sensitive newly 
hatched LS I and LS II in the second half of the year with few larvae surviving so that 
the profundal region was just like a desert. The year 2004 somehow constituted an 
exception as a long oxygen deficiency occurred with nevertheless high larval 
abundances in the beginning of 2005. Again the correlation analysis only showed a 
decreasing tendency without any significance even when G 04 was excluded (Table 
10). The relationship of larval abundance with the daily temperature sum from 1st July 
to 31th December in the deep profundal (Figure 24) did not reflect a significant 
influence of temperature on abundances (even without G 08) although an increasing 
tendency with temperature was remarkable. Effects of temperature on abundance 
were probably covered by the oxygen effect. For example, G 09 experienced low 
oxygen conditions with low abundances and G 08 which had a comparable 
temperature sum showed high abundances. Only the phytoplankton biovolume had a 
significant influence on the abundance (Table 10). Low phytoplankton biovolumes 
resulted in a low abundance in the years 2005, 2006 and 2009 (three oxygen poor 
years) and increased with rising phytoplankton values as described by the equation 
shown in Figure 23.  
 
 3.3.3.4 Chironomus plumosus 
C. plumosus was a species that favoured warmer conditions like P. choreus. The 
pupation period started with mean temperatures of 14.4 °C in the littoral (Table 9) 
within a range of 8.4 °C between the coolest temper ature in 2007 and the warmest in 
2008. This large range indicated that there was probably no strict temperature 
threshold for the start of pupation rather than there was a significant influence of the 
sum of experienced temperatures (01.July - 31.December and 01.February - 30.April) 
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in the littoral (pupation horizon) on the start of the pupation period as demonstrated in 
Figure 21 and Table 10. Nevertheless, the start of the pupation period tended to be 
earlier in the warmer years 2007 and 2009 and to be later in the colder years in 2005, 
2006 and 2008. The same not significant trend was observed between day degrees 
in the upper profundal where larvae occurred most frequent (same time period as for 
the start of the pupation period), and mean abundances (Figure 24). Larval density in 
years with colder conditions (2006, 2007 and 2009) was lower than in years where 
larvae experienced warmer conditions (2005 and 2008). A correlation of the larval 
mean abundance to the duration of the oxygen depletion in the upper profundal was 
not found (Table 10). For example, the highest abundances of C. plumosus larvae 
were detected in 2005 with a long lasting oxygen depletion (55 days) and in 2008 
with no oxygen depletion. Also, no relation to the phytoplankton biovolume was 
detected (Table 10).    
 
3.3.3.5 Tanytarsini 
Like with P. choreus, temperature had an influence on the voltinism of the 
Tanytarsini. In 2007 high larval abundances were detected throughout the whole year 
contrarily to the other years (Figure 15), indicating that the temperature threshold for 
a shift to two generations per year was in the range of that for P. choreus. Oxygen 
also tended to influence the abundance (Figure 22), although not significantly. G 07 
and G 08 had highest densities (oxygen rich years). The oxygen poor years had low 
abundances (G 04, G 05 and G 09). Generation 06 constituted an exception as high 
densities occurred in the oxygen poor year of 2006. However, the minimal oxygen 
values in 2006 were not as low as in 2004, 2005 and 2009 although the duration of 
the oxygen depletion was comparable. A relation to the phytoplankton biovolume was 
not found (Table 10).  
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3.3.4 Mortality of larvae during pupation 
Three species showed a strong loss of individuals during pupation (Figure 25) due to 
predation or non-consumptive mortality. The loss was highest for C. anthracinus; 
P. choreus had great variations in larval loss during the years (Table 11) and 
C. plumosus larvae were reduced by mean 70 %. The Tanytarsini had a low 
diminution of about 6 %. Surprisingly, an augmentation by mean 54 % was found for 
P. crassinervis rather than a reduction. 
 
 
Table 11. Loss of larvae calculated on mean larval densities of each generation (G 04 to G 08) and 
the duration of main pupation peak against mean effective pupation rate found in the pupae traps in 
Hölzelbach Bay, positive values indicate that more pupae were found than expected 
 
 2005 2006 2007 2008 2009 
C. plumosus   -  76 -  26 -   2 -  80 
C. anthracinus  -  91 -  94 -  71 -   62 -  76 
P. crassinervis -  17 -  51 + 35 + 105 + 250 
P. choreus + 13 -  48 -  39 -   54 -  92 
Tanytarsini       +  41 -  43 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25. Left: Expected pupation rate calculated on mean larval densities of each generation (G 04 
to G 08) and the duration of main pupation peak against mean pupation rate found in the pupae traps 
in Hölzelbach Bay, percentage value represent the quantity of larval loss; Right: Photography of 
C. plumosus (top), C. anthracinus and P. crassinervis (bottom); P. choreus is little smaller than 
P. crassinervis 
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3.4 Discussion 
3.4.1 Method  
The analysis of the larval instar structure combined with the investigation of the 
pupation or emergence pattern is the minimum effort that has to be undertaken for a 
life cycle analysis because larval structure alone does not necessarily indicate the 
time of a pupation period especially when several instars occur throughout the whole 
year as it was the case for P. choreus. It is therefore necessary to examine 
additionally the state of maturing in larval state IV with the help of the imaginal discs 
or the measurement of larval body weight (Carter, 1978) or body length (Specziár, 
2008) for a frequency analysis to facilitate the interpretation of the life cycle. In the 
Saidenbach investigation the analysis of the imaginal disc development of LS IV 
larvae with its 18 substates was applied as a second feature to characterize the 
growth of LS IV. The pooling of these 18 substates into the three classes young, 
medium and mature LS IV larvae facilitated to follow the distinct cohorts especially 
when total abundances were low. However, the low number of LS II and LS III larvae 
in Saidenbach Reservoir and the lack of LS I larvae did not correspond to the usual 
pattern of a decreasing number of larvae from young to mature instar (Figure 13), it 
was much more an augment in larval density with age. The lack of LS I larvae might 
have been a result of a washing-out effect which corresponds to the mesh size 
applied in the sieve which was probably too coarse for the small LS I larvae. The 
used sieve with the 200 µm mesh was nevertheless not too coarse to retain at least 
partially LS II larvae. But LS II larvae were only caught in considerable numbers for 
the two Procladius species although the head capsule widths of the bulk of the LS II 
larvae of Chironomus was bigger than the utilized 200 µm mesh gauze and 
Chironomus LS II should therefore have been retained in the sieve to a larger extend 
(see chapter 2).  
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It was difficult to find an explanation for this phenomenon. A reduced catch of young 
instars was always ascribed to sieves with a too big mesh size in literature. But 
according to the utilized sieve size in Saidenbach Reservoir of 200 µm and the head 
capsule width of Chironomus LS II (180-280 µm) and LS III of about 350 to 470 µm 
LS III a large part of LS II larvae should not have been washed out by the sieving 
process. Butler et al. (1990) even found some LS I using a mesh size of 500 µm. 
There were also no hints that LS II or LS III of Chironomus or P. crassinervis 
appeared as planktonic living larvae in the water column because no larvae of these 
three species were found in the pupae traps unlike P. choreus and some other 
species. The 2005 investigation also showed that in the littoral and on the shoreline 
no noteworthy numbers of LS II or LS III of Chironomus occurred. Also, the 
handsorting of larvae involved the risk of overlooking single individuals. It was 
therefore not possible to reconstruct the origin of the LS IV larvae because of the 
failure to catch LS II and LS III of Chironomus. In the literature such a phenomenon 
of an augment of abundances with age was described neither in investigations using 
an Ekman grab like in this study nor in investigations using a corer. Possibly, the 
young instar II and III larvae lingered in the fluid sediment-water interface or at the 
very top of the sediment being drifted when the grab hit the ground or the grab did 
not close tightly enough at the top which was caused by its construction, to prevent 
turbulences in the grab when pulling it up to the surface.  
 
3.4.2 Life cycle 
P. crassinervis: In Saidenbach Reservoir P. crassinervis performed a univoltin life 
cycle with one emergence period in April to beginning of June. Unfortunately, data on 
the life cycle of P. crassinervis are rarely reported in the literature. In Loch Leven, 
Charles et al. (1976) found a univoltin life cycle like in Saidenbach Reservoir. In Lake 
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Hald (Viborg, Denmark, maximal depth 30.9 m) Larsen (1992) reported a univoltin life 
cycle with a well synchronized emergence from late April to early June which seems 
to be comparative to Saidenbach Reservoir. Mundie (1957) however found two 
generations per year with two emergence peaks in June and late August. The long 
extended occurrence of young LS II and LS III until late spring which was observed in 
Saidenbach Reservoir was also found by Carter (1978) in Lough Neagh. The 
difference to Saidenbach Reservoir was that in Lough Neagh the whole emergence 
period lasted 11 weeks with two separate main peaks, one in April/May and the other 
in July/August whereas in Saidenbach Reservoir only one main peak was found. 
Carter interpreted this finding as two cohorts occurring parallelly with one cohort 
exhibiting a 15 months lasting life cycle (LS II reached in July, LS III reached in 
August, LS IV entered in April/May of the following year with emergence in 
July/August) and the other lasting 20 months (LS II reached late in August, LS III 
reached in April/May of the following year, LS IV entered in July/August with 
emergence in April/May in the next year). It astonishes that in Saidenbach Reservoir 
overwintered LS II and LS III larvae occurred nearly until the end of the main 
pupation period. The lack of a second pupation period in the year, the absence of 
LS II and LS III larvae in summer (especially remarkable in 2006, 2008 and 2009) 
and the finding of single pupae until late in the year stands against the interpretation 
that these young larvae which still occurred in late spring performed a second year. If 
they did not disappear due to mortality, a very rapid development through LS III and 
LS IV must have taken place in order to finish pupation in the pupation period. A 
rapid development of young larvae was also found by Tokeshi (1995). He stated that 
in lakes where overwintering of LS II or LS III larvae occurred, the period of LS IV can 
be shorter than that of the young larval states (LS I to LS III), constituting less than 
20 % of the entire life cycle. Findings in laboratory experiments however indicated 
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that the duration of LS IV is at least twice as long as the duration of LS I to LS III 
(Reist et al., 1987). Such a rapid growth probably occurred in Saidenbach Reservoir 
as a larger proportion of larvae overwintered as young instar. The other part of the 
population grew continuously in summer and autumn after oviposition from LS II up to 
medium LS IV (TH >100 µm - TH >275 µm) which was the larval state in which they 
overwintered. About 58 % of the LS IV larvae were found in the medium LS IV state 
in winter. It was also peculiar that the number of mature LS IV larvae before pupation 
was low. LS IV 8a-9b was only encountered in few cases in spring and often not until 
the onset of pupation (i.e. 2007). According to Sokolowa (1966) the period of 
strongest growth took place between 2 and 3 weeks before pupation in Procladius. 
This explains the low catch of mature larvae in Saidenbach Reservoir. The year 2005 
was the only year which was different from the other four years because of a later 
pupation period, a high number of larvae during summer especially LS II and LS III 
and low LS IV densities in the end of the year. In 2009 the low finding of 
overwintering LS II and LS III in spring and low numbers of young larvae in the end of 
the year compared to the other years was remarkable.  
 
P. choreus: P. choreus exhibited in Saidenbach Reservoir normally a univoltin life 
cycle. Only when water temperatures were high (2007) a second generation was 
established. In literature a few more investigations about P. choreus were available 
than about P. crassinervis. In most investigations P. choreus performed a bivoltin life 
cycle, for example in Loch Leven in central Scotland (Charles et al., 1976) and in a 
shallow eutrophic pond at Essendon, Hertfordshire in England (Learner et al., 1974) 
with emergence from May to August with two main peaks, where the larvae 
overwintered principally as LS II with only few larvae passing through the winter as 
LS III and LS IV. In Lake Balaton in western Hungary larvae overwintered as LS III 
and LS IV and emerged in May to June with the second generation emerging in 
  
 63
August (Specziar, 2008). Two investigations reported more than two generations per 
year. In a chalk stream in Southern England P. choreus performed three generations 
per year with a development time of 6 to 13 weeks (first summer generation) and 5 to 
10 weeks (second summer generation, Pinder, 1983). Larvae overwintered mainly as 
LS II. In the oligothrophic Lake Banyoles in Spain (Prat et al. 1995) LS I, LS II and 
prepupae were present for most of the year suggesting four generations per year. 
One investigation described a univoltin life cycle in Lake Hald in Denmark (Larsen, 
1992) with flight activity in late August to late September. It seems to be common for 
the two Procladius species to overwinter as young larvae at least for a large part of 
the population. In Saidenbach Reservoir overwintering LS II and LS III larvae of 
P. choreus in the upper profundal were found only in the warm and medium years 
(2007 to 2009) where the settled habitat was extended to the upper littoral. In the 
cold years 2005 and 2006 few LS II larvae were found in the upper profundal. 
Presumably these larvae were more present in the littoral. In Saidenbach Reservoir 
P. choreus LS IV 1a-4b were found throughout the whole year. This indicated that the 
generations overlapped to a large extent; the slow developing LS IV larvae from the 
old generation still occurred when some newly hatched larvae, which developed 
faster than the other newly hatched larvae, had already reached LS IV. Izvekova 
(2000) explained this with the complexity of interacting factors which is not identical 
for all individuals of a population and thus results in different development times 
leading to a prolonged emergence period for many individuals. In contrast to 
P. crassinervis few medium aged larvae (LS IV TH) of P. choreus were found. Mature 
fourth instar (LS IV 8a-9b) larvae were found only in exceptions and fewer in number 
than P. crassinervis indicating a rapid growth through these two mentioned stadiums. 
The pattern of the pupation peak was also different compared to P. crassinervis (well 
pronounced, regular peak) with a main peak that was started or finished with a period 
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of lower pupation activity. This supported the hypothesis of the parallel occurrence of 
slower and faster developing larvae within the same generation. The voltinism of 
P. choreus seems to depend strongly on temperature. In Eglwys Nunydd Reservoir 
(Potter et al., 1974), mean monthly temperatures were evidently higher than the 
mean monthly temperature values in the littoral in Saidenbach Reservoir during 
winter, early spring and autumn (Table 12, Figure 26) with P. choreus having a 
bivoltin life cycle. In Lake Balaton it was likewise. The shift from a univoltin to a 
bivoltin life cycle in Saidenbach Reservoir was induced by an augmentation in mean 
monthly temperature. Perhaps the achieved mean monthly temperature values found 
in 2007 in Saidenbach Reservoir constitute a threshold below which the life cycle is 
univoltin and above which it is bivoltin. To confirm this hypothesis mean monthly 
temperature data from the other lakes from the literature would have been necessary 
but were unfortunately not given. 
 
Table 12. Mean monthly temperatures in Saidenbach Reservoir (TSS, long term data and data 2007), 
Eglwys Nunydd Reservoir (ENR, Potter et al., 1974), Lake Balaton (LB, pers. Comm.. A. Specziar) 
and number of generations per years of P. choreus, Voltinism: number of generations per year 
 
 
 TSS  TSS 07 ENR LB 
P. choreus 0-10m 0-10m 2m 1m 
Voltinism 1 2 2 2 
Jan 2,6 4,8 4,5 1,1 
Feb 2,6 3,5 5,7 1,7 
Mrch 3,8 4,4 7,4 4,6 
Apr 7,0 8,2 10,9 10,0 
May 11,5 13,3 16,0 17,4 
Jun 15,6 17,3 17,8 20,7 
Jul 17,7 18,2 18,6 22,2 
Aug 17,7 18,8 18,1 22,6 
Sep 15,5 16,1 17,4 17,9 
Oct 11,9 12,9 15,6 13,4 
Nov 7,5 7,1 11,1 7,2 
Dec 5,0 4,9 9,5 2,4 
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Figure 26. Mean monthly temperatures in Saidenbach Reservoir (TSS, long term data and data 2007), 
Eglwys Nunydd Reservoir (ENR, Potter et al., 1974), Lake Balaton (LB, pers. Comm. A. Specziar), 
number of generations per years of P. choreus: TSS 1, TSS 07 2, ENR 2, LB 2 
 
Laboratory examinations of the development rate of P. choreus from Mackey (1977) 
at 15 °C resulted in a duration of 34.8 days for th e whole life cycle. A mean water 
temperature in the littoral of at least 15 °C in Sa idenbach Reservoir was reached 
during four months (June to September) in all five investigated years. According to 
the results from the experiment one could therefore expect about three more 
generations in Saidenbach Reservoir. Nevertheless no additional summer pupation 
peak was found in the littoral pupae traps except in 2007 although the littoral was the 
preferred habitat for P. choreus, according to the 2005 data. Thus, in the field the life 
cycle usually has lower numbers of generations and a lower growth rate than could 
be expected considering the results of laboratory experiments or temperature records 
because of additional constraints in the field. According to Sokolowa (1968) the 
development of larvae in the field takes two up to four times longer than in the 
laboratory where temperature and food conditions remained constant. One should 
therefore be careful with assigning laboratory life cycle data to field conditions.   
 
C. plumosus: The interpretation of the life cycle of C. plumosus in Saidenbach 
Reservoir was very difficult because of the low abundance of this population. 
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Presumably it was a univoltin life cycle. The life cycle of C. plumosus generally 
seems to be very flexible with generation times ranging from three generations per 
year in the littoral and two in the profundal (Yamagishi, 1971) to an annual life cycle 
(Carter, 1976). In Saidenbach Reservoir the pupation period was long with no clear 
pattern. The pupation peak was often interrupted by periods with no pupae detected. 
In Lough Neagh the emergence period of C. plumosus was also of a long duration of 
13 weeks which started in the end of April or first fortnight in May and lasted until 
August (Carter, 1975).  
 
C. anthracinus: The life cycle of C. anthracinus in Saidenbach Reservoir was a two 
year life cycle with a part of the population emerging just after the first year. The year 
2007 which was the warmest of the five investigated years (Table 13) provoked a 
shift towards a univoltin life cycle.  
 
Table 13. Cumulative mean monthly deviation from the long term data from July to November and 
from February to June in the subsequent year (this time interval corresponds approximately to the 
univoltin part of a generation, the values for December and January were not considered as they were 
not available for all years) in littoral, upper and deep profundal, G: generation  
 
 
G04 G05 G06 G07 G08 
0-10m 1,0 -0,3 12,2 4,0 6,0 
10-20m -5,4 -11,1 -10,0 0,2 -12,3 
20-40m -2,6 -12,4 -8,8 4,3 -6,8 
 
 
C. anthracinus is a species that is relatively well examined. According to Butler et al. 
(1990) a semivoltin life cycle which exceeds two years for C. anthracinus has been 
reported only in habitats with low temperature regimes. Other profundal 
C. anthracinus species performed a one year or a two year life cycle while a two year 
life cycle occurred mostly in connection with unfavourable oxygen conditions. 
C. anthracinus larvae which were found in a shallow pond with less than 1 m water 
depth however had one emergence period per year despite higher temperatures in 
contrast to C. plumosus with two generations per year (Learner et al., 1974). It seems 
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that C. anthracinus does not pass through two generations per year even under 
favourable environmental conditions. Lake Esrom (Denmark, max. depth 22 m) had a 
temperature regime similar to Saidenbach Reservoir until 20 m with mud surface 
temperatures usually between 2 and 6 °C. After the autumn overturn temperatures 
reached up to 12 or 16 °C. The life cycle pattern o f C. anthracinus in Lake Esrom 
with some larvae emerging after one year and a large number of larvae remaining for 
a second year was comparable to Saidenbach Reservoir. There was, however, the 
difference that in Lake Esrom the larvae which remained for the second year 
prevented the offspring of the first emergence to become established by cannibalism. 
Therefore no overlapping cohort structure was common in Lake Esrom in contrast to 
Saidenbach Reservoir where the overlapping cohort structure of remaining larvae 
and newly hatched larvae was especially remarkable in 2005 and 2009. Due to the 
low abundances in 2006 and 2007 it was difficult for C. anthracinus to assess the 
voltinism for C. anthracinus, but it was presumably like in 2005. In both water bodies 
(Saidenbach Reservoir and Lake Esrom) a change towards a univoltin life cycle was 
observed in one year. In Saidenbach Reservoir, necessary conditions for this shift 
were sufficiently high oxygen conditions and high temperatures which were 
encountered in 2007, whereas in Lake Esrom necessary conditions were an 
uncommonly fast growth of larvae before the summer stagnation period (no growth 
due to low oxygen during summer stagnation) combined with an early start of autumn 
overturn (restart of larval growth). There were also two other exceptional years in 
Lake Esrom with overlapping cohorts of larvae remaining for the second year and 
newly hatched larvae after the first year from the same cohort. In Lough Neagh, 
England, the life cycle of C. anthracinus was univoltin due to the lack of a summer 
stagnation period and higher mean bottom temperature (Carter, 1976). Only one year 
occurred with a slowed growth of larvae probably due to lower temperatures with a 
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part of the larvae remaining for a second year (Carter, 1980). The emergence of 
C. anthracinus in Lake Esrom lasted from the beginning to the middle of May; the 
eggs hatched in May to June. Most larvae had reached LS III in the beginning of July 
(60 %) and remained until October in this state (about 5-6 months from egg to LS IV). 
After the autumn overturn over 80 % moulted into LS IV within 10 days with LS IV 
larvae lasting either 7 months (univoltin part of the population) or 19 months (two 
year semivoltin life cycle part of the population, Jonasson, 1972). In Saidenbach 
Reservoir, the pupation rate was high in June 2008 (one year life cycle). Tokeshi 
(1996) found that eggs from C. anthracinus which were kept at 4 °C started to hatch 
10 days after collection; at temperatures over 10 °C they started to hatch after 24 h. 
After 4 weeks, over 75 % of all eggs had hatched. Thus, for Saidenbach Reservoir 
one can assume that first eggs already hatched in June 2008. The duration of the 
development from egg to LS IV was 4 months (first occurrence of LS IV in September 
2008) and thus shorter than in Lake Esrom. The duration of LS IV up to the first 
emergence in June 2009 was 8 months (univoltin part of the population) or about 20 
months for the two year life cycle (emergence in 2010). In Lough Neagh the duration 
of the first three instars was at least two months with one month in LS III (Carter 
1976). Most part of the life cycle was spent as LS IV (8-9 out of 11 months, Takacs, 
1994). It is often found that the growth of C. anthracinus is related to the 
phytoplankton production. For example, Sokolowa (1966) observed two periods of 
strongest growth of Chironomus larvae during spring with phytoplankton maximum 
and during autumn after overturn, in which the deposit feeder profited from sinking 
algae; the growth during summer was more or less restricted according to oxygen 
and food conditions. However the first increase of LS IV in Saidenbach Reservoir did 
not coincide with the beginning of the autumn overturn (full overturn reached in 
December in Saidenbach Reservoir, only in 2007 in the end of October) nor with the 
  
 69
extension of the mixed layer down to 20 m as it was found in Lake Esrom. In the 
same way, the spring diatom bloom in March and April did not immediately stimulate 
the pupation onset as the emergence period in Saidenbach Reservoir of 
C. anthracinus occurred late in July to August and extended for a long period (about 
50 days) as it was also found in Lake Erken in Sweden where the emergence also 
took place in summer (Johnson et al., 1987). Compared to other water bodies the 
pupation period was likewise late (Lake Esrom beginning of May, lasting 6 days 
(Jonasson, 1972), Lough Neagh March and April 6 weeks (Carter 1976)). Obviously, 
the emergence pattern varies temporally and spatially depending on the particular 
environmental conditions. According to Specziar (2008) prolonged emergence is 
common among chironomids especially when different cohorts exist. Long extended 
pupation and emergence periods may favour the formation of parallel cohorts which 
can on the one hand reduce competition and on the other hand be a strategy to avoid 
intermittent unfavourable environmental conditions (e.g. short bad weather period 
during swarming). All in all C. anthracinus seems to be an univoltin species under 
optimal conditions which turns to a prolongation of the life cycle with deterioration of 
environmental conditions especially oxygen, temperature and food conditions. The 
comparison of the mean generation density in G06 to G07 (mean fivefold abundance 
increase compared to the previous density) in Saidenbach Reservoir showed that 
even few imagines of C. anthracinus were capable of re-establishing the population 
after years with a huge break-in in abundances. This is owed to the high number of 
eggs per female (500-700 eggs per egg mass [number of eggs in one clutch], 
Jonasson, 1996; 1000 eggs per egg mass, Tokeshi, 1996). The C. anthracinus 
population in Saidenbach Reservoir was affected by two main constrains: (1) years 
with low oxygen resulted in very low abundances of larvae due to mortality and (2) 
additionally perch reduced the final imagines abundance by up to 94 % as predation 
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was especially high (see below). It is possible that this might act like a bottle neck 
which could reduce genetic variability of the Saidenbach Reservoir population. Such 
conditions might favour mircoevolutive processes which lead to an adaptation to the 
special conditions in Saidenbach Reservoir.  
 
3.4.3 Influence of controlling factors 
In Saidenbach Reservoir huge interannual differences in abundance and voltinism 
were found during the five investigated years. Three main factors are mentioned in 
the literature which control the chironomid life cycle: temperature, oxygen and pelagic 
primary production. Temperature is the chief factor which determines the rate of 
development and thus the voltinism when other factors are optimal. In Lake 
Winnebago for example, the life history of C. plumosus varied from year to year and 
between different lake areas dependent on temperature (Hilsenhoff, 1966). In Lake 
Findley (USA) the total number of Chironomidae that emerged was high in years with 
early ice-out and high surface temperature and low in years with late ice-out and low 
temperature (Truman et al., 1996). In Saidenbach Reservoir, temperature influenced 
three life cycle features: (1) the shift of the voltinism from one to two generations per 
year in P. choreus, the Tanytarsini and also for the shift from two year semivoltin life 
cycle with some individuals emerging already in the first year to an univoltin life cycle 
in C. anthracinus, (2) the timing in the start of pupation in the two Chironomus 
species and (3) year to year differences in abundances of P. choreus. 
Oxygen is the second important factor to influence the development. In 
literature the role of oxygen stress is in most cases the reduction of the number of 
generations and the larval density (e.g. Butler et al., 1990). Thus, oxygen was also 
the main factor which reduced the number of generations per year from 4 to 2 for 
P. choreus in Lake Banyoles, Spain (Prat et al. 1995) and which also reduced larval 
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growth of C. anthracinus in Lake Memphremagog (Dermott, 1977). In Saidenbach 
Reservoir oxygen mainly controlled the abundance and thus the environmentally 
caused mortality of C. anthracinus and the Tanytarsini and the voltinism of 
C. anthracinus. It is also important in which larval state low oxygen conditions are 
experienced, because late instars have higher hemoglobin concentrations than early 
instars of the same species (Panis, 1996). Hamburger (1994) found that LS IV larvae 
of C. anthracinus were excluded from lakes with a strictly anaerobic hypolimnion 
sediment interface but throve well when traces of oxygen were present in the 
environment. Butler et al. (1990) found that anoxia itself was not lethal to LS IV 
Chironomus larvae, but Hamburger et al. (1995) found that LS II and LS III were 
much less resistant to anoxia. When comparing Saidenbach Reservoir with Lake 
Esrom both lakes had low oxygen conditions during the summer stagnation period in 
common which was often more severe in Lake Esrom than in Saidenbach Reservoir. 
Despite lower oxygen the larval density in Lake Esrom was much higher than in 
Saidenbach Reservoir. In Lake Esrom the larvae passed through the summer 
stagnation as LS II and LS III. LS I would never survive the summer stagnation period 
with its long lasting oxygen depletion of about 2-4 months because of the lack of 
hemoglobin (Jonasson, 1972). But because of the early emergence period in Lake 
Esrom in the beginning of May (short duration of about 6 days) there was still time left 
for the majority of the larvae to shift into LS II and LS III with higher resistance to low 
oxygen before the stagnation period. This is why high larval abundances of 
C. anthracinus survived in Lake Esrom despite the low oxygen values which were 
sometimes below 1 mg L-1. With the late and long extended emergence period of 
C. anthracinus in Saidenbach Reservoir in June to August a part of the newly 
hatched larvae had to pass through the summer stagnation period as LS I and were 
thus more vulnerable to the reduced oxygen conditions in 2006 and 2009. The earlier 
  
 72
emergence period in May 2005 (total pupation peak lasted 50 days) nevertheless 
resulted in a strong reduction of larval abundance. Even the larvae which remained 
for the second year did not reappear in spring 2006 with the same abundance as in 
2005. The good oxygen conditions during the summer stagnation period in 2007 and 
2008 allowed the establishment of a population with high abundances because a 
high proportion of LS I survived. Verneaux et al. (1998) stated that the oxygen 
concentration is the controlling factor of profundal chironomid communities and that 
lakes with C. anthracinus as major profundal taxon are characterized both by a low 
oxygen concentration and a high organic matter content. Nevertheless, in 
Saidenbach Reservoir C. anthracinus was not the dominant species in years with low 
oxygen, probably because of the match of hatching time with low oxygen as 
discussed above.  
The third factor mentioned in literature was the primary production which also 
affects the chironomid fauna concerning composition and density especially for 
species relying on fresh or decomposed algae as food sources resulting in high 
abundances or higher growth rate with high algae standing stock and vice versa 
(Jonasson, 1972, Specziar et al., 2001). In Saidenbach Reservoir no relationship was 
found between the interannual abundance differences in Hölzelbach Bay and the 
phytoplankton biomass volume during the five years except for C. anthracinus which 
feeds on decomposed material sedimenting from the water column. In Lake Balaton 
and in Lake Esrom the main factor regulating the chironomid fauna was the pelagic 
primary production (Specziar et al., 1998, Jonasson, 1972). But in Saidenbach 
Reservoir the influence of the low oxygen conditions was probably more serious for 
the survival of C. anthracinus than the phytoplankton concentration.  
The comparable level of the abundance of P. crassinervis in the five 
investigated years indicated that P. crassinervis was able to cope well with low 
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oxygen conditions. The more or less constant level of the abundance also revealed a 
relative independence of this species from temperature alterations between the 
years. The timing of the pupation also was independent of temperature as except in 
2005 the start of pupation was always in the beginning of April and the main peak in 
the end of April. This constancy of the pupation timing may be an indicator that the 
photoperiod alone is the factor that triggered the start of pupation. More data are 
needed to confirm this hypothesis. All in all it is obvious that not one factor alone 
controls the abundance and the life cycle in the field. In different phases of the life 
cycle also different factors play a role. Several studies also revealed quite significant 
year to year variations in chironomid abundance (Specziar et al. 1998). The 14 year 
survey in Lake Esrom also revealed considerable changes in abundances of 
C. anthracinus (Jonasson, 1972) mainly caused by favorable or unfavorable weather 
conditions during swarming and not by oxygen as in Saidenbach Reservoir. 
Unfavorable conditions can lead to a nearly complete absence of a species in one 
year and in other years to a mass occurrence (oxygen driven nearly total absence of 
C. anthracinus in Saidenbach Reservoir, presence absence pattern of a 
C. balatonicus population in Lake Balaton; Specziar, 2008). Therefore it is important 
to perform long term investigations of benthic communities to obtain reliable data to 
forecast the behavior of the organisms under different conditions which is especially 
important for investigations of food web relationships. When regarding the sum of the 
mean monthly temperature deviation from the long term data set (Table 6) the values 
for the littoral were higher than the average in most years, reaching up to a sum of 
9.5 K deviation. Temperatures in the profundal were nevertheless in most cases 
much lower than the average reaching up to -18 K deviation. This means that the 
effect of higher air temperatures impacted species living in the littoral to a greater 
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extent in the sense of experiencing warmer conditions than those in the profundal 
which did not profit from warmer temperatures but had to cope with colder conditions. 
 
3.4.4 Larval mortality and chironomid pupae as prey 
Mortality of chironomid larvae can be caused by many factors like unfavourable 
environmental conditions (i.e. oxygen stress), predation or non-consumptive mortality 
(i.e. failing of pupation etc.). The extent of the natural mortality of young larvae was 
not assessable in Saidenbach Reservoir because no LS I larvae and no LS II 
(Chironomus) or few LS II (Procladius) larvae were caught. Additionally, more LS IV 
than LS III larvae were found especially for the Chironomus species although the 
numbers of larvae should decrease continuously from young LS I to mature LS IV 
because of mortality. Tokeshi (1995) for example found that a mortality of 98 % 
occurred between eggs and LS I for Tokunagayusurika akamusi. Predation by fish is 
generally considered a main factor that controls the abundance of benthic organisms 
(Kajak 1988, Matena, 1989). In Lake Balaton a high proportion of the chironomid 
larvae (about 30-35 %) was consumed by bream (Specziar, 1998). In Lake Banyoles, 
Spain, roach contributed to the predation of chironomid larvae to a large extent (Prat 
et al. 1995). In Lake Esrom fish also preyed on chironomid larvae after the end of the 
summer stagnation with rising oxygen conditions in the profundal (Jonasson, 1972). 
In Saidenbach Reservoir the fish stock mainly consisted of perch and roach. An 
analysis of the stomach content of perch showed that the pupae of the two 
Chironomus species and P. crassinervis were consumed to a high extent, but nearly 
no larvae were found in the stomachs of perch (T. Schiller, Institute of Hydrobiology, 
TU Dresden, pers. comm.). A stomach analysis of roach in Saidenbach Reservoir 
from Kahl (2003) showed the low importance of zoobenthos in the diet of roach, 
which mainly feed on zooplankton, detritus and terrestrial insects. Thus the mortality 
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of larvae by predation seems to be very low in Saidenbach Reservoir, but mortality 
reached a high extent when pupation took place. Larval mortality was therefore rather 
caused by abiotic factors such as low oxygen in contrast to the pupae which were to 
a large degree reduced by fish. The main pupation period in Saidenbach Reservoir 
was long extended in all examined species. A prolonged pupation period also favours 
the predation of pupae by fish because the pupae are accessible for fish over a 
longer period of time. A short pupation period with a synchronous ascent of pupae to 
the water surface thus reduces the risk of predation. In fact the high loss of 
Chironomus of about 70-80 % may be a consequence of the long extended pupation 
period in Saidenbach Reservoir. It would probably be lower if the pupation period 
was as short as it was in Lake Esrom with 6 days (Jonasson, 1972). Surprisingly 
more pupae of P. crassinervis were found in the pupae trap than one would expect 
from the larval density although P. crassinervis was also a preferred prey of perch. 
Perhaps this artefact was a result of a sampling error. While sampling sometimes a 
slight loss of the upper material in the Ekman grab was observed. If the 
P. crassinervis LS IV larvae lived pretty close to the sediment water interface, the risk 
of washing out the larvae to some extent when pulling up the Ekman grab to the 
water surface would exist. The loss of P. choreus larvae compared to pupae was 
nevertheless about 70 %, although P. choreus pupae were not found in the stomach 
of perch. Presumably other fish species preferred P. choreus pupae as prey. 
Nevertheless, Sokolowa (1968) found that the pupae of Procladius were less 
consumed by fish due to their pupation in the free water column with a higher mobility 
compared to other chironomid pupae.  
In Saidenbach Reservoir the pupae thus play a very important role for the 
benthic pelagic coupling during the time of their pupation period. The interannual 
variability in larval density and pupation time (especially Chironomus) may have 
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consequences for the diet of fish during the years. In the first half of the year (April, 
May) the availability of pupae for the fish was more or less secured because of the 
high constancy of the occurrence of P. crassinervis. In the second half year (July) 
stronger year-to-year variations in the diet of fish should be expected because of the 
dependence of the C. anthracinus abundance on the oxygen conditions. Tanytarsini 
pupae were only important as prey for perch in the warm year 2007 where highest 
abundances and two generations per year were observed. Years with especially low 
abundances of pupae may result in a shift of the fish’s diet towards alternative prey 
(zooplankton, YOY perch) while in years with higher abundances the pupae might 
protect the YOY perch against predation by their own conspecific. The influence and 
variability of pupae in the diet of perch was investigated by another working group 
whose results are presented in another paper. 
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4. SMALL AND LARGE SCALE DISTRIBUTION ASPECTS AND  
     MIGRATION OF TWO PROCLADIUS AND TWO CHIRONOMUS  
     SPECIES IN THE MESOTROPHIC SAIDENBACH RESERVOIR 
 
 
Abstract 
1. Small and large scale distribution aspects of larvae and pupae of four chironomid species 
(Procladius crassinervis, P. choreus, Chironomus anthracinus and C. plumosus) were examined in a 
deep mesotrophic lake (Saidenbach Reservoir, Germany) from 2005 to 2009. 
 
2. The depth horizon with highest abundances of larvae as mean of all instars was for C. anthracinus 
in 15-25 m (deep water species), for C. plumosus and P. choreus in 10-15 m (occurring at medium 
water depth) and for P. crassinervis in 10-25 m (spread nearly over the whole lake). 
 
3. For each one of the four investigated species a shift in the centre of gravity (main residence focal 
point) was observed with the growth of the larvae. Instar II and III of P. crassinervis and P. choreus 
were mainly found in 10-20 m, but pupae were concentrated in the deep profundal (P. crassinervis) or 
in the littoral (P. choreus), larvae of C. anthracinus were mainly encountered in the deep profundal 
(20-40 m), but pupae were concentrated in the upper profundal (10-20 m). C. plumosus larvae settled 
the upper profundal but pupated in the littoral. This dislocation of the centre of gravity with maturing of 
larvae was probably a result of migratory activity of the larvae.  
 
4. The planktonic P. choreus larvae occurred mainly from early summer until late summer/ beginning 
autumn. Instar III and young instar IV larvae were found in all depth horizons, but mature larvae were 
concentrated in the littoral confirming the finding that this species performed a migration towards the 
littoral.   
 
5. Significant abundance differences between two transects located in two different bays occurred for 
the two Chironomus species, the Tanytarsini and the remaining species but not for the two Procladius 
species. This different distribution reflected the omnivorous feeding behaviour of the Procladius 
species with being independent from the phytoplankton standing stock contrarily to the two 
Chironomus species which rely more on the phytoplankton production. 
 
6. The larval development of C. anthracinus instar IV was accelerated in the bay with the highest 
nutrient load resulting in an earlier start of the pupation period presumably because of a better food 
supply with fresh algae. No differences were detected for P. crassinervis and the Tanytarsini.  
 
7. The small scale distribution aspect over an area of a few m2 revealed that at low abundance levels 
all examined groups and species were strongly aggregated. With rising abundances C. anthracinus 
and the Tanytarsini were randomly distributed, P. crassinervis tended towards a weak aggregation and 
P. choreus still remained strongly aggregated which reflected again the different feeding behaviour 
(Chironomus: homogeneous distribution of sedimented organic material, Procladius: inhomogeneous 
distribution of prey).  
 
8. Young instar IV larvae of C. anthracinus were found regularly distributed from the sediment surface 
until 12 cm sediment depth, mature instar IV larvae were mainly found down to 4 cm in the sediment. 
 
9. In the close above the sediment surface hanging pupae traps a high proportion of planktonic living 
larvae was caught. Ablabesmyia sp. and P. choreus (mainly as instar III and IV) were the dominant 
species, no larvae of the two Chironomus species and no P. crassinervis larvae were found.   
 
10. The results of this study have a more descriptive character. Nevertheless it is a necessary step 
towards further understanding of the benthic pelagic coupling as the spatial distribution pattern of 
chironomid larvae differs from that of the pupae. As pupae are the preferred food item compared to 
larvae the distribution of the prey in a restricted depth horizon may influence the behaviour and the 
distribution of the predators during the time interval when the prey occurs.      
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4.1 Introduction  
The spatial variation of the diversity and density of the zoobenthos relies on a 
multitude of interacting factors as physical and chemical factors, physiological 
adaptability of each species to these conditions, food quality and quantity, substrate 
type and inter- and intraspecific competition (Pinder, 1995). The configuration of 
environmental factors interacts with the behaviours of the organisms to that effect 
that in the same water body differences of abundance, species composition or 
species development occur on a large scale between different lake areas (Dévai, 
1990), on a small scale in an individual habitat (Schmid, 1993) or within a depth 
gradient especially in deep lakes with oxygen limitation in the profundal (Jonasson, 
1996, Zlatko, Taver & Kerovec 2000). Spatial differences also occur seasonally in 
that way that favourable environmental conditions provoke a more or less 
homogenous distribution of a species throughout the whole water body which turns 
into an inhomogeneous distribution with increasing deterioration of environmental 
conditions in the manner that larvae perform a migration to horizons with more 
favourable conditions (Pinder, 1995). Aggregation and spatial variance in distribution 
may facilitate the coexistence of strongly competitive species especially when their 
abundances are high (Tokeshi, 1995). While small scale differences of the spatial 
distribution are ascribed to biological processes like predation, competition or 
reproductive behaviour (Wiens, 1989), large scale differences are strongly caused by 
physical processes. Driving force for such large scale differences of the distribution 
pattern of plankton in standing waters is thus seen in the effects of physical 
processes like wind-induced circulation resulting in different water currents in the 
water body and changes in the weather conditions combined with specific organism 
behaviour (e.g. tendency to aggregation of planktonic organisms) which leads to 
large-scale spatial heterogeneity (Thackeray et al. 2004). For the zoobenthos living in 
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the profundal driving force of large scale differences may be a result of environmental 
heterogeneity (Chesson, 1986), especially sediment conditions (e.g. oxygen, 
temperature, food) as they are less exposed to stronger water movements once the 
larvae have settled into the mud. In the same way, the abundance of the detritivore 
sediment dwelling chironomid larvae depends on the amount of organic matter in the 
sediment (Saether, 1979).  
In this investigation the chironomid distribution in the mesotrophic deep 
Saidenbach Reservoir, Germany, was examined. The sediment layer thickness in 
corresponding depth horizons in Saidenbach Reservoir (maximum 80 cm in the 
central basin, decreasing towards the shore line; pers. comm. L. Paul, Ecological 
Station Neunzehnhain of the TU Dresden) and the sediment consistence (fine mud in 
the deep profundal, increasing portion of sand and gravel in the upper profundal and 
CPOM, sand, gravel, silt in the littoral) was comparable in all four bays of the 
reservoir. Therefore, large scale differences in the chironomid fauna between 
different bays in the reservoir should be less expected. Contrarily to this prediction, 
an initial study in Saidenbach Reservoir in 2005 revealed that despite the generally 
relatively low chironomid larvae abundances their distribution nevertheless varied in 
many aspects. Thus the aim of this study was to elaborate an all-out examination of 
the above mentioned aspects of the large and small scale distribution of the 
chironomid fauna in Saidenbach Reservoir.  
 
4.2 Study area 
Saidenbach Reservoir is situated in the Ore Mountains in Saxony, Germany, and 
provides drinking water with it’s 22.38 * 106 m3 maximum volume at maximum water 
level of 438.8 m above sea level. Its catchment area adds up to 60.8 km2. High 
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stability of summer stratification, mean depth of 15.3 m with a maximal depth of 48 m 
and mesotrophic conditions are important limnological characteristics. The central 
basin runs out into four bays, with three tributaries flowing into three of these bays. 
The Reifland Bay is without a tributary. The Hölzelbach has a three-digit discharge 
(176 thousand m3 a-1); the inflow of the Haselbach (11108 Tm3 a-1) and the 
Saidenbach (11746 Tm3 a-1) is five-digit. The resulting P input is therefore in the 
Haselbach Bay and the Saidenbach Bay larger than in the Hölzelbach Bay. The area 
of the Hölzelbach Bay is considerable smaller than the area of the Haselbach Bay. 
Out of the 65 chironomid species found in 2005 in the reservoir, four species were 
chosen for further detailed analysis: P. crassinervis, P. choreus, C. anthracinus and 
C. plumosus because of their dominant character and importance in the diet of fish. 
 
 
4.3 Material and methods  
4.3.1 Sampling of chironomid pupae 
Chironomid pupae were collected in nine funnel shaped traps (one was lost in 2008) 
hanging closely above the sediment at four depth ranges (0-10 m, 10-20 m, 20-30 m 
and >30 m). In 2005-2007 four traps were placed in Hölzelbach Bay and five in 
Reifland Bay, in 2008 and 2009 four traps were each in Hölzelbach Bay and 
Haselbach Bay (Figure 27). The weekly emptying took place by pulling up the traps 
to the surface, washing the content of the trap jar trough a 100 µm mesh and 
preserving it in 95 % ethanol. Species were determined using a dissecting 
microscope and the most recent keys available. The pupation was determined as 
rate of individuals per day and m2 (ind m-2d-1).  
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4.3.2 Sampling of chironomid larvae 
Chironomid larvae were taken with an Ekman Grab (225 cm2). The corresponding 
water depth was measured by a small echo-sounder (CUDA 128). The sediment was 
washed through a 200 µm sieve and immediately preserved in 95 % ethanol. The 
larvae were hand sorted and counted with a dissecting microscope. Determination 
was done with the most recent keys available. The 2005 data showed that 
Chironomus anthracinus, C. plumosus, Procladius crassinervis and P. choreus were 
among the most abundant species in the sublittoral and the profundal. Thus, larvae 
were classified into the following groups: the two Procladius and the two Chironomus 
species, Tanytarsini and “other species”. The larval states II to IV (LS II to LS IV) of 
the four dominating species were determined, whereby LS IV was additionally 
subdivided into 18 subphases for the two Chironomus species according to 
Goddeeris (2001). For Procladius crassinervis LS IV was separated into 18 
subphases (LS IV 1a, b - 4a, b; length of thoracal horn (TH) >100, 188, 275, 363, 
450, 538 µm, 8a, b - 9a, b) and for P. choreus it was divided into 14 stadiums (LS IV 
1a,…, 4b, TH >100 µm and >275 µm, 8a,…9b) according to the development of their 
imaginal discs (see chapter 2).  
 
4.3.3 Large scale distribution  
The depth distribution aspect was investigated in two transects: (1) the Hölzelbach 
Bay; (HÖL, 2005-2009) with some additional samples in Reifland Bay and (2) the 
Haselbach Bay; (HAS, 2008-2009). The samples from the Hölzelbach Bay and the 
close-by Reifland Bay were pooled because no differences were observed between 
them. In the years 2005 to 2009, an overall number of 956 (HÖL) and 245 samples 
(HAS, 2008-2009) were taken usually once or twice a month (depending also on ice 
conditions in winter) along a depth gradient starting from 10 m depth from the 
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shoreline into the Central Basin with normally 8 samples per transect at around 10 m, 
13 m, 16 m, 19 m, 22 m, 25 m, 28 m (in HAS 26 m) and 31 m (in HAS 27 m, Figure 
27 and Table 14). The large scale distribution was investigated under two aspects: 
(1) the depth gradient distribution within a transect and (2) distribution differences 
between the two transects. In 2005 some samples were taken additionally in the 
littoral (0-10 m) for the initial investigation but were omitted later because the main 
occurrence of the species of interest was found to be in the profundal.  
 
Table 14. Number of samples from 2005 to 2009, L: littoral (0-10 m), UP: upper profundal  
(10-20 m), P: deep profundal (20-40 m), HÖL: Hölzelbach Bay, HAS: Haselbach Bay 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27. Map of Saidenbach Reservoir with contour lines (5 m range) and sampling points from 2005 
to 2009, grey symbols represent the pupal and black the larval trapping site 
 
 
 
 
4.3.3.1 Depth gradient of the larval abundance 
The depth gradient of the abundance of the different developmental stages of larvae 
of the four chironomid species within the two transects was investigated under three 
aspects. (1) An all out overview of the depth distribution was achieved by calculating 
 
2005   2006  2007  2008  2009  
Depth  L UP  P  UP  P  UP  P  UP  P  UP  P  
Samples HÖL 101 91 66 123 81 138 73 92 79 56 56 
Samples HAS         71 62 56 56 
Reifland Bay 
L: 2006-2007 
P: 2005-2007 
 
Hölzelbach Bay 
L, P: 2005- 2009 
 
Haselbach Bay 
L, P: 2008-2009 
 
Pupal Trap (P) 
Larvae sampling site 
Ekman grab (L) 
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the mean larval abundance of the four species (number of larvae per m2, larvae m-2) 
for each instar as mean of all samples in a respective depth horizon from 2008 to 
2009 in the HÖL and in the HAS transect. The depth horizons were grouped in the 
upper profundal at a 5 m range in 10-15 m and 15-20m and in the deep profundal in 
20-25 m and 25-40 m. (2) Additionally, the centre of gravity (cg) for the four 
chironomid species was calculated for each sampling date for LS II to LS IV and 
pupae. The cg reflects the main residence focus of the respective chironomid species 
over a depth gradient at one sampling day. With the help of the time progression of 
this residence focus a possible shift in the preferred habitat for each larval phase is 
revealed. The cg was calculated as follows 
∑
=
=
a
i N
NiDi
cg
1
.                                                                                                          (1) 
Ni represents the abundance of the respective group (LS II to LS IV or pupae) in the 
depth horizon i on a sampling day. The samples were pooled according to two depth 
horizons in Saidenbach Reservoir: the upper profundal 10-20 m and the deep 
profundal 20-40 m and in 2005 additionally the littoral 0-10 m. Di stands for the 
average depth of the sampled layer i on a sampling day, N is the total group 
abundance over all depth layers (sum of all Ni on a sampling day). The 
corresponding standard deviation was calculated by equation (2) 
1
)(
1
2
−
−
=
∑
=
a
DDi
N
Ni
SD
a
i
               (2) 
 
with D as average depth of all sampled depth horizons on a sampling day (Helland et 
al., 2006). (3) The third aspect was the percentage distribution of the different larval 
instars (Chironomus LS III, LS IV 1a-4b, LS IV 5a-6b, LS IV 7a-9b; Procladius LS II, 
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LS III, young and mature LS IV) and pupae throughout the upper and deep profundal 
as well as in the littoral (pupae; larvae only 2005). For each depth horizon and each 
instar the mean yearly abundance was determined with subsequent calculation of the 
percent distribution of the respective instar throughout the depth horizons.  
 
4.3.3.2 Distribution between different lake areas 
To analyse the second large scale distribution aspect (differences between the 
transects), (1) the total mean abundance of the six groups (two Procladius, two 
Chironomus species, Tanytarsini, “other species”) in the two transects in Hölzelbach 
Bay and Haselbach Bay in 2008 and 2009 was elaborated to assess the degree of 
inhomogeneity between the two bays. Based on these values the percentaged faunal 
composition of the six groups in the two transects was calculated. The significance of 
the found abundance differences between the two transects was furthermore 
statistically analyzed. The data (larval abundance per m2 from each single grab of the 
four species, the Tanytarsini and “other species”) were grouped respective to the 
transect during the two years. Normality distribution was tested with Shapiro - Wilk 
Test, but failed in all cases so that a t - test or ANOVA was not possible to perform. 
The Mann -Whitney Rank Sum test was thus used to detect further differences. For 
C. anthracinus additionally an all pair-wise multiple comparison procedure (Holm -
 Sidak method) was performed at an overall significance level of 0.05 with four 
distinct seasonal phases equal for each bay as follows: two periods with high larval 
abundances were defined from Jan 2008 to Jun 2008 and Sep 2008 to Jun 2009 and 
two periods of low densities were described due to emergence and failure of catching 
LS I and LS II from Jul 2008 to Sep 2008 and Jul 2009 to Dec 2009. Analyses were 
done with SigmaPlot 11.0. (2) Secondly, the frequency of larval catch per sample 
was calculated as the percentage of samples with a certain number of larvae (0, 1-2, 
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3-4, 5-7, 8-10 and over 10 larvae) on the total number of samples. (3) Thirdly, 
variations in the timing of the pupation pattern of C. anthracinus, P. crassinervis and 
the Tanytarsini were examined (C. plumosus and P. choreus pupation rate was too 
low). (4) Finally inter-bay differences in the larval growth pattern of C. anthracinus 
were elaborated. LS IV was hereby divided into four groups: 1a-4b (young larvae 
mostly found in autumn), LS IV 5a, b (overwintering state), LS IV 6a-7b (continuing of 
development after winter) and LS IV 8a-9b (close to pupation, prepupae).  
 
4.3.4 Small scale distribution - patchiness 
During the examination of the four chironomid species’ life cycle (see chapter 3) a 
high variance of larval density within the year apart from a normal life cycle 
dependent increase and decrease of the population density was conspicuous. For 
analysing the reasons for this a small scale investigation in Haselbach Bay was 
driven on 25.06.2009, 13.08.2009 and on the 06.04.2010. Each 10 parallel taken 
sediment samples on a small scale area (a few m2) were obtained in 10 m, 14 m, 18 
m, 22 m and 25 m and treated as described above. The frequency of larval catch per 
sample was detected as well as the negative binomial parameter k according to 
Tokeshi (1995). The k value is an indicator of the distribution type which designates 
with k>2 a random distribution, with 1<k<2 a weak aggregation and with 0<k<1 a 
strong aggregation. The k value was calculated according to equation (3) 
mS
mk
−
= 2
2
                     (3) 
with m as mean larval abundance in one depth horizon and S2 as variance. 
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4.3.5 Vertical distribution 
4.3.5.1 Residence depth in the sediment  
To find out the preferred dwelling horizon in the mud, several Ekman grabs were 
taken on two sampling dates in 2008 and 2009 in depths with high abundances of 
larvae (around 20 m): the first one in May/ July (9 samples), were mature larvae of 
C. anthracinus were abundant and one in October (5 samples) with the onset of a 
new generation with young larvae. For this investigation, only C. anthracinus was 
chosen because larvae are big enough to be seen with the unarmed eye directly in 
the sieve and their abundances were high enough to achieve results with a relatively 
low number of samples. Ekman grabs with a filling level of at least 70% were divided 
into 2 cm mud layers (maximum depth 16 cm); these layers were each eliminated 
with a spoon and washed through a 200 µm sieve. Larvae were immediately sorted 
out of the sieve and preserved in Eppendorf caps with 95 % ethanol. Using a 
sediment corer with the advantage of a higher penetration depth was inutile because 
of a too high effort in view of a relatively small sampled area and the comparatively 
low total abundances of C. anthracinus.  
 
4.3.5.2 Larvae in the water column 
In the pupae traps a relatively high number of free swimming larvae was caught. 
These chironomid larvae (data from 2005 to 2008) were treated as those in the 
sediment grabs. The occurrence of larvae was determined as rate calculated as 
mean for a depth horizon on a sampling period as individuals per m2 and day (ind m-2 
d-1). (1) Firstly the composition of the larval chironomid trap fauna in the littoral and 
the upper and deep profundal was elaborated as percentage distribution of the 
following species and groups: the two Procladius species, Ablabesmyia sp., 
Parakieferiella sp., Tanytarsini (dominant species) and “other species”. C. plumosus 
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was not encountered in the pupae traps and C. anthracinus only exceptionally so that 
these species were not given as a separate category.  (2) Secondly, the seasonal 
progression of the rate of different instars of P. choreus was described as mean over 
all depth horizons. (3) Furthermore, the relative depth distribution of the different 
larval instars of P. choreus was examined for each year with (4) finally a comparison 
of the proportion of mature P. choreus larvae to pupae in the pupae traps.  
 
 
4.4 Results 
4.4.1 Large scale distribution  
4.4.1.1 Depth gradient of the larval abundance 
The all-out overview of the four species’ depth distribution showed strong differences 
between the species. This was most pronounced in areas with highest densities 
(Figure 28). Thus, C. anthracinus had highest abundances in 15-25 m (in HAS 15-
20 m) and C. plumosus as well as P. choreus were strongly present in 10-15 m. 
P. crassinervis was found in 10-25 m in high numbers, but the young larvae (LS II to 
LS III) were most frequent in the upper profundal (10-20 m). The LS IV dominated in 
15-40 m, what indicated that a shift of the mainly settled area with larval growth took 
place. A second aspect of the depth distribution was the investigation of the centre of 
gravity. The analysis of the different development stages of the larvae revealed 
different distribution focal points of the larvae towards pupation in all four species. 
Table 14 shows the main residence depth (centre of gravity) of the four species in 
different larval states. Two types of dislocation in the centre of gravity during larval 
development were detected (Figure 29).  
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Figure 28. Distribution of larvae of four chironomid species in four depth horizons and two transects in 
Saidenbach Reservoir as mean from 2008 to 2009, N: Number of larvae caught per depth horizon, in 
brackets: number of sediment grabs, HAS: Haselbach Bay, HÖL: Hölzelbach Bay, the standart 
deviation is given 
 
Table 15. Mean centre of gravity (m) of the different instars of the four species 2005 to 2009, 
P. crassinervis: LS IV a: 1a- TH>275 µm, LS IV b: TH>363 µm-9b, P. choreus: LS IV a: 1a- TH> 
100µm, LS VI b: TH>275 µm-9b, Chironomus: LS IV a: 1a-4b, LS IV b: 5a-6b, LS IV c: 7a-9b, P: 
pupae, the littoral was only investigated for the larvae in 2005, pupae were trapped in all depth 
horizons 
 
  LS II LS III LS IV a LS IV b Pupae 
P. crassinervis 2005 14.6 14.2 19.0 27.2 29.0 
 2006 15.0 15.0 21.0 23.0 25.0 
 2007 17.7 14.9 19.0 24.0 22.5 
 2008 14.8 14.6 18.7 22.8 21.8 
 2009 15.8 15.2 23.1 22.7 23.3 
 
Mean 15.6 14.8 20.2 23.9 24.3 
P. choreus 2005 5.0 8.0 12.0 30.0 6.0 
 2006 14.0 14.0 17.0 28.5 7.0 
 2007 15.7 15.5 17.0 17.0 7.2 
 2008 14.5 15.6 15.7 14.6 7.7 
 2009 14.9 15.1 16.7 25.3 7.1 
 
Mean 12.8 13.6 15.7 23.1 7.0 
  LS III LS IV a LS IV b LS IV c Pupae 
C. anthracinus 2005 30.0 29.0 29.0 25.0 17.2 
 2006 27.0 33.2 29.0 24.0 15.1 
 2007 20.8 24.0 21.0 22.0 13.9 
 2008 18.2 19.6 21.0 22.3 17.6 
 2009 21.7 22.5 21.5 22.6 15.9 
 
Mean 23.5 25.7 24.3 23.2 15.9 
C. plumosus 2005 17.5 18.6 16.0 15.1 7.5 
 2006 - 18.6 14.6 14.7 9.1 
 2007 - 15.5 14.3 14.4 8.6 
 2008 14.2 16.6 19.3 15.9 11.1 
 2009 - 18.9 21.3 - 10.0 
 
Mean 15.8 17.6 17.0 15.0 9.2 
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(i) The main distribution area shifted from shallower regions (upper profundal) to the 
deep profundal (P. crassinervis). The other type (ii) was a shift from deeper areas in 
direction to the shore (C. anthracinus from deep profundal towards upper profundal, 
P. choreus and C. plumosus from upper profundal to the littoral). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29. Center of gravity of the four chironomid species for larvae and pupae (2005 to 2009, data 
from both transects, N: number of individuals found in each year, grey marked depth horizon: upper 
profundal (10-20 m), the standart deviation is given for each sampling day 
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Figure 29. Continued 
 
The beginning of this dislocation followed two patterns: (i) with an early start and (ii) 
with a late start. P. crassinervis belonged to the early type. Only a mean of 7 % of 
LS II to LS III inhabited the deep profundal (Figure 30), the centre of gravity laid 
completely over the whole year in 10-20 m (Figure 29). The young LS IV larvae were 
found more frequently in the deep profundal (49 %), with reaching its maximum as 
0
10
20
30
40
22
.
01
.
09
.
02
.
05
.
03
.
15
.
03
.
02
.
04
.
18
.
04
.
01
.
05
.
17
.
05
.
28
.
05
.
08
.
06
.
15
.
06
.
21
.
06
.
05
.
07
.
20
.
07
.
03
.
08
.
19
.
08
.
03
.
09
.
19
.
09
.
10
.
10
.
21
.
10
.
15
.
11
.
05
.
12
.
Ce
n
te
r 
o
f G
ra
vi
ty
 
(m
)
LS III N= 33/ 7/ 9/ 25/ 30 
0
10
20
30
40
LS IV 1a-4b N= 40/ 7/ 28/ 101/ 124
C. anthracinus                                                                 C. plumosus 
0
10
20
30
40
22
.
01
.
09
.
02
.
05
.
03
.
15
.
03
.
02
.
04
.
18
.
04
.
01
.
05
.
17
.
05
.
28
.
05
.
08
.
06
.
15
.
06
.
21
.
06
.
05
.
07
.
20
.
07
.
03
.
08
.
19
.
08
.
03
.
09
.
19
.
09
.
10
.
10
.
21
.
10
.
15
.
11
.
05
.
12
.
LS III N= 25/ 0/ 0/ 1/ 0  
0
10
20
30
40
22
.
01
.
09
.
02
.
05
.
03
.
15
.
03
.
02
.
04
.
18
.
04
.
01
.
05
.
17
.
05
.
28
.
05
.
08
.
06
.
15
.
06
.
21
.
06
.
05
.
07
.
20
.
07
.
03
.
08
.
19
.
08
.
03
.
09
.
19
.
09
.
10
.
10
.
21
.
10
.
15
.
11
.
05
.
12
.
LS IV 5a-6b N= 76/ 8/ 37/ 179/ 184
0
10
20
30
40
LS IV 7a-9b N= 49/ 7/ 8/ 76/ 76
2005
2006
2007
2008
2009
0
10
20
30
40
Pupae N= 38 / 6/ 29/  217/ 300
LS IV 1a-4b N= 31/ 5/ 7/ 23/ 14
LS IV 5a-6b N= 15/ 1/ 8/ 11/ 7 
LS IV  7a-9b N= 25/ 2/ 3/ 15/ 0 
Pupae N= 15 / 26/ 10/ 18/ 14
Ce
n
te
r 
of
 
G
ra
vi
ty
 
m
 
  
 91
mature LS IV with 73 % in the years 2006 to 2009. Towards pupation the trend was 
slightly retrograde (53 % of all pupae found in the deep profundal), but not in 2005 
when pupation nearly completely took place in the deep profundal. Only few larvae 
were present in the littoral in 2005 (Figure 30) and presumably it was the same in the 
years without a littoral investigation as the few numbers of pupae found in the littoral 
indicated. The other three species belonged to the second type with a late start of the 
dislocation of the centre of gravity. Thus, a mean of 39 % of LS III to mature LS IV 
larvae of C. anthracinus were caught in 2006 to 2009 in the profundal (mean cg 
23 m, Table 15), but a mean of 76 % of all larvae pupated in 10-20 m (cg 16 m). Only 
in 2005 a constant increase of larvae with age into the upper profundal took place, 
very few larvae inhabited the littoral (Figure 30).   
 
 
 
 
 
 
 
 
 
 
 
Figure 30. Percental distribution of instars and pupae of four chironomid species in three depth 
horizons from 2005 to 2009 ( data pooled for both transects), P. crassinervis: LS IV a: 1a- TH>275 µm, 
LS IV b: TH>363 µm-9b, P. choreus: LS IV a: 1a- TH> 100µm, LS VI b: TH>275 µm-9b, Chironomus: 
LS IV a: 1a-4b, LS IV b: 5a-6b, LS IV c: 7a-9b, P: pupae, the littoral was only investigated for the 
larvae in 2005, pupae were trapped in all depth horizons, the total number of caught larvae and pupae 
N corresponds to Figure 24 
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Figure 30. Continued 
 
C. plumosus showed a similar pattern with 87 % of all instars in the upper profundal 
(cg 15 m) and with 78 % of all pupae in the littoral (cg 9 m). In 2005 few larvae were 
found in the littoral so that in 2006 to 2009 presumably no remarkable abundances of 
larvae should be expected. In 2005 79 % of all P. choreus larvae lived in the littoral 
and 98 % of all pupae were caught in the littoral. In the four subsequent years the 
abundances of larvae in the upper profundal increased strongly, but nevertheless 
93 % of all pupae were found in the littoral. A few larvae were however found in the 
profundal, but no pupae occurred there.  
 
4.4.1.2 Distribution between different lake areas 
As first aspect of the large scale distribution between different lake areas the 
percental faunal composition of the six groups was analysed. No remarkable 
differences between the two transects in 2008 and 2009 were found for the two 
Procladius species and the Tanytarsini group except in 2009 in Haselbach Bay with a 
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lower percentage of Tanytarsini (Figure 31 right). Contrarily, the proportion of 
C. anthracinus was about two times higher in Haselbach Bay (mean 41 %) than in 
Hölzelbach Bay (mean 22 %) during the two years. In Hölzelbach Bay a higher 
amount of C. plumosus and “other species” was encountered. Figure 31 (left) shows 
the total mean abundances. For the two Procladius species, C. plumosus, the 
Tanytarsini and the “other species” larval densities were slightly higher in Hölzelbach 
Bay. C. anthracinus on the contrary dominated in Haselbach Bay. The Mann -
 Whitney Rank Sum Test found the difference in the median values between the two 
groups to be greater than it would be expected by chance. A statistically significant 
difference was confirmed (p ≤ 0.001) for the following species: C. anthracinus, 
C. plumosus, the Tanytarsini and “other species”. No differences were found for the 
two Procladius species. The all pairwise multiple comparison procedures (Holm-
Sidak method) for C. anthracinus found significant differences between HAS and 
HÖL in the two periods with high larval abundances, the phases of low densities were 
not significant.  
 
 
 
 
 
 
 
 
Figure 31. Left: Mean total abundance of four investigated species and the groups Tanytarsini and 
“other species” in two transects in 10-40 m depth from 2008 to 2009 with standard deviation, Right: 
percentaged composition of the six chironomid groups from 2008 to 2009 in Hölzelbach (HÖL) and 
Haselbach (HAS) Bay in 10-40 m                                      
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The second large scale distribution aspect was the analysis of the frequency of larval 
catch per sample. Here the found abundance difference of C. anthracinus between 
the two bays was confirmed (Figure 32). So, about one half of all samples in the 
whole profundal in Hölzelbach Bay did not contain any C. anthracinus larvae. In the 
deep profundal in Haselbach Bay in 73 % of the grabs C. anthracinus larvae were 
encountered. The percentage of samples with more than three larvae per grab was 
over 30 % in Haselbach Bay whereas in Hölzelbach Bay it was around 20 %. But not 
only abundances of C. anthracinus differed between the two bays. 
 
 
 
 
 
 
 
 
 
Figure 32. Frequency of larval catch per sample in % of C. anthracinus in two transects from 2008 to 
2009 (01.Apr - 21.Jul; 04.Oct - 07.Dec, the late summer period with the break-in of larval abundances 
was not included), HAS: Haselbach Bay, HÖL: Hölzelbach Bay 
 
 
As third aspect of inter-transect differences the timing and the intensity of the 
pupation period was found to vary. Thus, beside the higher number of C. anthracinus 
pupae caught in Haselbach Bay the main pupation peak occurred earlier in 
Haselbach Bay than in Hölzelbach Bay (in 2008: HAS 02.06. to 26.07. and HÖL 
24.06. to 12.08., in 2009: HAS 09.06. to 06.08. and HÖL 20.06. to 26.07., Figure 33) 
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occurred in 2008 in HÖL earlier (06.05.) than in HAS (26.05.) and simultaneous in 
2009 (19.05.) but with a longer interruption with no pupae in HÖL. No remarkable 
variations were found in the pupation progression for the Tanytarsini and for 
P. crassinervis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33. Pupation pattern in Hölzelbach (HÖL) and Haselbach (HAS) Bay, Pupation rate of C. 
plumosus (total pupae: 13 and 12 in HÖL; 5 and 2 in HAS in 2008 and 2009) and P. choreus (total 
pupae: 53 and 8 in HÖL; 14 and 10 in HAS in 2008 and 2009) was too low 
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Figure 34. Development of larval states of C. anthracinus in Hölzelbach (HÖL) and Haselbach (HAS) 
Bay in the profundal (10-40 m), N: number of individuals found   
 
As final step of the inter-transect difference analysis the developmental pattern of 
C. anthracinus was compared. The splitting up of the LS IV larvae into their sub 
states demonstrated that the differences between the two bays in the pupation timing 
were also reflected in the larval growth with an accelerated development in 
Haselbach Bay (Figure 34). The earlier start of the main peak in HAS was thus the 
result of (1) the earlier occurrence of LS IV 6a-7b in HAS since April especially in 
2009 and (2) of the higher amount of larvae ready to pupation (LS IV 8a-9b) in June. 
The few mature LS IV larvae which were found earlier in HÖL (26.05.08 and 
02.04.09) than in HAS (09.06.08 and 27.04.09) explained well the earlier occurrence 
of some first pupae in HÖL.  
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4.4.2 Small scale distribution - patchiness  
The results of the small scale aspect are shown for each species only on the date 
with most numbers of larvae caught. In 2009 the larval abundance dropped strongly 
in the second half year because of low oxygen conditions in the profundal. Thus, 
considerable numbers of larvae were caught for C. anthracinus only in June 
(pupation phase of generation 2008) and for P. choreus in August (probably newly 
hatched generation). P. crassinervis, the Tanytarsini and the “other species” had very 
low abundances. In early April 2010 however the abundance of P. crassinervis was 
higher than it was found in 2009 (period just before pupation), especially in 25 m. 
Larvae of C. plumosus were found exceptionally. Figure 35 shows that especially 
P. choreus exhibited a strong diffusion in numbers of larvae per sample. While most 
samples contained 0-3 larvae per grab, single samples had up to 22 larvae in one 
grab.  
 
Table 16. K value (k) and larval density (Lm-2) in five depth horizons in a small scale area, k>2: 
random distribution, 1<k<2: weak aggregation, 0<k<1: strong aggregation 
 
 
  
P. choreus P. crassinervis C. anthracinus Tanytarsini Other Species 
  
k Lm-2 k Lm-2 k Lm-2 k Lm-2 k Lm-2 
25.06.2009 10m 1.5 98 1.3 49 0.3 40 5.3 138 0.5 27 
 14m 0.5 53 0.4 44 4.0 173 1.0 49 0.2 9 
 18m 0.2 9 0.1 4 5.1 320 0.5 22 0.2 9 
 22m 0.2 9  0 6.4 186 0.6 18 0.2 13 
 25m 0.2 9 0.1 13 3.7 200 0.4 13 0.2 9 
13.08.2009 10m 0.6 147  0 0.3 44 0.3 22 0.4 36 
 14m 0.3 160 0.2 9 1.5 40 0.1 4  0 
 18m 0.4 27 0.4 22 3.4 120 0.5 22 0.1 4 
 22m 0.2 9 0.3 18 4.5 164 0.4 13 0.4 13 
 25m 0.1 4 0.1 4 0.7 84 0.1 31 0.2 13 
07.04.2010 10m 0.1 4  0  0 1.6 44 0.2 22 
  14m 0.2 18 0.1 4  0 0.7 49 0.5 22 
  18m 0.4 13 1.3 67 0.6 18  0 0.3 58 
  22m 0.6 31 0.9 44 0.8 44 0.4 31 0.9 22 
  25m 0.6 18 1.5 142 1.2 62 0.2 13 0.9 75 
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Figure 35. Distribution of larvae within small scale areas (≈50 m2) along the HAS transect: N: Number 
of larvae caught in one depth, in brackets: minimal and maximal number of larvae in one sediment 
grab 
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2010 the k value was still low because the abundance of the C. anthracinus 
population was constrained by unfavourable oxygen conditions in 2009. 
P. crassinervis was like P. choreus strongly aggregated with a tendency towards 
weak aggregation with higher densities. The Tanytarsini were strongly aggregated 
when densities were low, rising abundances led to an increased week aggregation 
until a random distribution with very high abundances was achieved (k = 5.3 in 10 m 
on the 25.06.09).  
 
4.4.3 Vertical distribution 
4.4.3.1 Residence depth in the sediment  
The LS IV larvae of C. anthracinus were found down to 12 cm in the mud. While the 
young larvae (LS IV1a-4b) had no preferential depth layer (Figure 36) the mature 
larvae, especially the prepupae (LS IV 9a-9b) and the pupae were focussed in the 
top 4 cm of the mud. Unfortunately, LS III larvae were not detected.  
 
 
 
 
 
 
 
 
 
Figure 36. Residence depth in the sediment of C. anthracinus (HAS transect) 
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Pupae Traps 
4.4.3.2 Larvae in the water column 
The pupae traps exposed just above the sediment did not contain only pupae but 
also free swimming larvae of some species. From the total number of 65 species 
detected in the pupae traps as pupae 34 species were present there as larvae (data 
from the 2005 investigation are not shown). The first aspect of the investigation of 
these free swimming larvae was the analysis of the composition of the larval 
chironomid trap fauna. So, P. choreus was one of the most frequently encountered 
species especially in the profundal (Figure 37). P. crassinervis was only exceptionally 
found in the pupae traps as well as Chironomus. The “other species” constituted a 
large proportion particularly in the littoral. Ablabesmyia sp. (Tanypodinae) was 
frequent in the profundal like P. choreus. Parakiefferiella sp. and the Tanytarsini were 
encountered to some extent. 
 
 
 
 
 
 
 
Figure 37. Composition of the larval chironomid fauna in the pupal traps from 2005 to 2008 
 
 
As P. choreus was the most frequent species, the seasonal progression of the rate of 
its different instars was additional elaborated (Figure 38). The swimming activity of 
P. choreus took not place throughout the whole year, the larvae in the pupae traps 
were captured from the beginning April onwards and finished in late summer or 
autumn. The maximum occurred from June to September. LS III was the most 
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encountered instar in 2005, in the other three years it was LS IV 1a-TH> 100 µm. 
Furthermore the depth distribution of the different free swimming P. choreus instars 
was examined. A clear pattern was found as it was already the case for the larval 
depth distribution with the centre of gravity (Figure 39). Mature LS IV were primarily 
found in the littoral (69 %) were pupation took place. LS III and young LS IV were 
most abundant in the profundal (89 %). No LS I and no LS II larvae were found in the 
pupae traps although they should have been retained by the used sieve of 100 µm 
according to their head capsule size (LS II larger than 150 µm and LS I around 
100 µm). 
 
 
 
 
 
 
 
 
Figure 38. Occurrence of P. choreus larvae in the pupae traps (total LS III to LS IV) from 2005 to 2008 
in both transects in the whole reservoir, N: number of larvae (LS III, young LS IV, mature LS IV) 
 
 
 
 
 
 
 
 
 
 
Figure 39. Distribution of P. choreus larvae in the pupal traps in three depth horizons from 2005 to 
2008, total % values for each depth are given 
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The last step of the investigation of the planktonic larvae was the comparison of the 
proportion of mature P. choreus larvae to pupae in the traps. As expected the 
number of mature larvae should be at least as high as the number of pupae or even 
higher in case of mortality during pupation. But the total yearly rate of pupae 
compared to the free swimming mature larvae (LS IV TH >275 µm - 9b) showed no 
comparable pattern between the four years: in 2005 and 2007 more pupae than 
larvae were surprisingly found, in 2006 and 2008 it was as expected (Figure 40). 
These findings indicated again the strong patchiness of P. choreus.  
 
 
 
 
 
 
 
 
Figure 40. Percentage of mature larvae (LS IV TH >275µm - 9b)  
of P. choreus compared to pupae in the pupae traps  
 
 
 
4.5 Discussion 
4.5.1 Large scale distribution  
4.5.1.1 Depth gradient of the larval abundance 
In Saidenbach Reservoir each one of the four investigated species had a special 
depth focal point with highest abundances. C. anthracinus, a ubiquitous species in 
mesotrophic-eutrophic and cold-temperate European lakes, preferred the cold and 
deeper profundal whereas C. plumosus, a frequently in warm and anoxic temperate 
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lakes occurring species, (Lindegaard & Brodersen, 1995, Real, Rieradevall, & Prat, 
2000) was mainly present in the upper profundal. This confirms the general finding 
which regards C. plumosus as sublittoral species (Goedkoop et al., 1996) suggesting 
a higher temperature optimum for C. plumosus than for C. anthracinus. 
C. anthracinus is generally considered as a profundal species as the small larvae are 
restricted to regions composed of small particle sizes which are mainly found in the 
accumulation area of a lake (Johnson, 1984). In sandy or rocky substrate at the 
shoreline they do not survive as it was the case in Loch Neagh where egg masses 
which were laid at a 300 m offshore site with too coarse substrate did not survive 
(Tokeshi, 1996). Investigations in the literature characterized C. anthracinus mainly 
as deep water species and C. plumosus occurring in less deep areas. For example, 
in the 22 m deep Lake Esrom C. anthracinus lived in 11-22 m (Jonasson, 1972); in 
Lundbecks investigation (1926) the maximum abundance of C. anthracinus was 
found in 15-25 m depth with rapidly decreasing densities at greater depths. In Lough 
Neagh, C. anthracinus was found in the muddy area below 6 m but was less 
abundant in the deep areas of 25 m where C. plumosus was more present, whereas 
P. crassinervis was distributed like C. anthracinus, but occurred also to some extent 
in the sandy zone above 6 m (Carter & Murphy, 1993). In Lake Washington (about 65 
m deep) C. plumosus occurred with high densities in 10-20 m depth (Thut, 1969). 
C. plumosus was found in the mesotrophe Lake Visovac, Croatia (max. depth 30 m) 
in 11-24 m and P. choreus was present from 1-24 m at a relatively high abundance at 
all depths (Zlatko, Tavcar & Kerovec, 2000).  
Unfortunately many examinations in the literature only describe in which depth 
horizons the species occurred but did not give any data of the density distribution 
differences between these horizons. The chironomid community in Saidenbach 
Reservoir was characterized by a strong migratory activity of larvae of the four 
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investigated species towards pupation. P. crassinervis migrated with beginning LS IV 
in early spring into the deep profundal to pupate there. Apparently, the mature larvae 
and pupae of P. crassinervis preferred colder conditions for their development than 
the young larvae. The other three species migrated into shallower and warmer areas. 
As mature larvae were still found in the same place where the young larvae occurred 
their migration towards the pupation horizon obviously started rather late just before 
the beginning of pupation. The pupae of these three species might therefore be more 
active because they were able to cover a longer distance in a shorter time compared 
to P. crassinervis. In 2005, larvae of P. choreus were rarely found in the upper 
profundal. In the subsequent years the abundances of larvae in this horizon 
increased strongly, especially in 2007 and 2008, but nevertheless still 93 % of all 
pupae were found in the littoral. With the rising abundances in the upper profundal 
the proportion of migrating larvae was probably also augmenting. A few larvae were 
even so found in the profundal, but no pupae occurred there. P. choreus seems 
therefore to be able to cover a huge distance from the deep profundal areas to the 
littoral and was featured with a high mobility. The phenomenon of migrating 
chironomid larvae is certainly not an uncommon behaviour as such a wandering was 
also reported from some other studies. Carter (1978) described a difference between 
the instar depth distribution of Procladius with young larvae being more abundant in 
shallower areas which was either a result of differential mortality or of migration. 
Tanytarsus bathophilus was found at all depths in Maarsseven I in summer but 
disappeared from regions below the oxycline during stratification by migration 
towards the epilimnetic zone where abundances raised (Pinder, 1995). In Utscha 
Reservoir in Russia the pupation of C. plumosus took place in 5 to 7 m depth but 
larvae were present throughout the whole reservoir with a final migration to their 
pupation horizon (Sokolowa, 1968). In two eastern Poland lakes (max. depth 39 m 
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and 6 m) an autumnal and a spring migration of Endochironomus albipennis larvae 
were observed. The young larvae settled the littoral macrophyte zone during summer 
and migrated to the bottom zone in autumn with the die-back of the macrophytes and 
thus the lack of suitable substrate for overwintering and recolonized the macrophytes 
in spring where pupation took place (Kornijow, 1992). In Lake Esrom Procladius 
pectinatus occurred in the profundal only during autumn, winter and spring (pupation 
in the profundal in early spring) with absence of larvae in the profundal in the summer 
stagnation period. Larvae resettled the lake profundal after the summer stagnation 
period (Jonasson, 1972).  
It is difficult to find out the driving factors for the observed migration in 
Saidenbach Reservoir. Maybe the different instars of P. crassinervis have different 
temperature requirements. Regarding the two Chironomus species and P. choreus 
the driving factor was probably the shift from larvae to pupae because the remarkable 
habitat shift took place with reaching the pupal state. The pupae of these three 
species probably have other requirements for the progress of their development (see 
also chapter 5). It was notable that LS III larvae of C. anthracinus had a centre of 
gravity in 10-20 m from September to December in all years. This was the time 
period just before they were mainly present in the deep profundal (Figure 29). 
Probably the larvae found from September to December were the newly hatched 
larvae which had reached LS III. One reason for this different habitat of young and 
older LS III might be that oviposition took place in surface areas situated above the 
upper profundal with LS I and LS II developing in this depth horizon and with LS III 
then migrating into the deep profundal to return for pupation. A reduced oviposition 
flight of adult C. anthracinus midges was for example observed by Davis (1976) in 
Loch Leven where eggs were only exceptionally laid at the shoreline (13.3 km2 
surface area) as activity of C. anthracinus females was week. But this should be an 
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exception as C. anthracinus belongs to the minority of chironomids that oviposit 
offshore (Davies, 1976c) with imagines covering distances up to 1000 m to reach the 
offshore oviposition site (Tokeshi, 1996). The other reason of different centres of 
gravity of LS III in Saidenbach Reservoir might be that oviposition took place in 
surface areas over the deep profundal with the young larvae leaving this horizon 
because of deterioration of oxygen conditions. It can be assumed that they return 
when oxygen conditions become more favourable after the autumn full overturn 
which took place around December. Oxygen-caused migration was also found in 
Heiligensee, Germany (9.5 m max. depth). The larvae of C. plumosus followed here 
the 50 % oxygen saturation isoline into greater depths by migration until they spread 
out over the whole benthal with maximum density at 3-6 m (Neubert & Frank, 2000).  
 
4.5.1.2 Distribution between different lake areas 
In Saidenbach Reservoir two major differences occurred between Haselbach and 
Hölzelbach Bay: (1) differences in abundances and (2) differences in the timing of 
larval development. These features were especially remarkable for C. anthracinus, 
from which higher densities and a faster development towards pupation were 
detected in Haselbach Bay. Different factors are mentioned in the literature which 
cause large scale horizontal differences. An important factor was the organic content 
of the sediment or trophic state. The organic matter content in the sediment of 
Saidenbach Reservoir varied between 10.6 and 14.2 % (own data not shown) with no 
significant difference between Haselbach and Hölzelbach Bay. The organic matter 
content therefore played no role in the abundance and timing differences between 
the two bays although other investigations showed a good correlation between the 
organic content of fine particle sized material and the abundances of the benthic 
fauna (Rabeni & Minshall, 1977, Culp, Walde & Davies, 1983, Margaritora et al., 
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2003, Hirabayashi, Hanazato & Nakamoto, 2003). On the other hand Kajak & Prus 
(2001) could not demonstrate an impact of different contents of organic matter in the 
sediment and the abundance of C. plumosus. In Saidenbach Reservoir the main 
difference between the Haselbach and the Hölzelbach Bay was the amount of the 
inflowing water. The Haselbach inflow with the higher discharge capacity also 
accounted for up to 50 % or more of the yearly nutrient input (e.g. phosphorus or 
nitrogen). Thus in Haselbach Bay algae had probably better growth conditions 
leading to a better supply of C. anthracinus larvae with freshly deposited algae food. 
This could be a decisive factor as C. anthracinus is a deposit feeder exploiting the 
recently deposited superficial sediment layers (Jonasson, 1972). In Saidenbach 
Reservoir the different phytoplankton standing stock was not reflected in the organic 
content of the sediment. The same results were found in Lake Balaton where the 
organic matter varied between 2.3 and 8.2 % with a uniform pattern over the whole 
lake in contrast to the phytoplankton productivity (mesotrophic in the NE basin and 
hypertrophic in the SW basin, Specziár & Biro, 1998). In Lake Memphremagog in 
Quebec depth, substrate and temperature conditions were similar in the north and in 
the south basin but a significant north south gradient in algae standing stock 
occurred with 5.8 (Procladius denticulatus) and 3.1 (C. anthracinus) times greater 
annual benthic standing stock in the south with also a lower oxygen content than in 
the north. Only higher nutrient concentrations in the south were responsible for the 
abundance differences which additionally provoked an acceleration of the growth of 
C. anthracinus in the south compared to the north (Dermott et al., 1977).  
Differences in the timing of the development are further often caused by 
different temperature conditions. In Lake Findley in the Cascade Mountains 
maximum emergence took place at sites with most detritus from the forest, highest 
temperature and earliest thaw (Sherk & Rau, 2000). The emergence of P. choreus 
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started two weeks earlier at a station in the western site of Lake Balaton with higher 
water temperatures and higher food availability compared to a station farther in the 
east (Specziár & Biro, 1998). In Saidenbach Reservoir temperature differences were 
probably not sufficient enough to provoke the timing difference. A measurement of 
oxygen and temperature directly in the two bays in Saidenbach Reservoir driven one 
time in the end of August in 2009 showed that in Haselbach Bay the oxygen 
concentration was up to 1.5 mg L-1 lower than in Hölzelbach Bay, but temperature 
showed no differences. So in Saidenbach Reservoir the better food conditions were 
presumably responsible for the faster development of the C. anthracinus larvae in 
Haselbach Bay. The importance of food quantity and quality in regulating the growth 
of early instars under experimental conditions was demonstrated by Vos et al. (2000) 
in the way that high N, P and lipid contents stimulated growth at high food levels. 
Large scale distribution differences may finally also be caused by the influence of 
wind. Wind affected adult swarming and oviposition sites as the midges often prefer 
calm sites. In Lake Esrom most eggs were laid in the wind calm western shore line. 
Wind then moved the egg masses to the northern and the north-eastern part of the 
lake resulting in huge abundance differences (Jonasson, 1972). Wind also induced 
water currents which influenced the distribution of eggs or of the young temporarily 
planktonic larvae so that LS I larvae are considered as the main distributive phase in 
the life cycle of Chironomidae (Sokolowa, 1968, Davies, 1976a). In Saidenbach 
Reservoir the predominant wind directions were alternating between south east and 
west. Influence of wind in Saidenbach Reservoir could not be assessed as a survey 
of the swarming or oviposition behaviour of the chironomids was not performed. 
Significant differences between the two bays in Saidenbach Reservoir were found for 
the two Chironomus species but not for the two Procladius species. This corresponds 
to an investigation in Lake Balaton where significant differences between the western 
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and the eastern area were especially strong for Chironomus balatonicus as it strongly 
depended on the phytoplankton production. P. choreus in contrast showed a 
permanent and widespread presence with a relatively uniform abundance pattern 
along the longitudinal axis because it was able to use a wide range of food (Specziár, 
2008). 
 
4.5.2 Small scale distribution - patchiness 
In Saidenbach Reservoir the small scale distribution pattern varied according to the 
larval density. C. anthracinus seems to tend towards random distribution only with 
higher densities. Abundances below 100 larvae m-2 showed weak or strong 
aggregation (k values below 2). With increasing density P. crassinervis tended 
towards weak aggregation whereas such a tendency was lacking in P. choreus 
(Table 16). Such a density dependent distribution pattern was also found by Reist & 
Fischer (1987) in the eutrophic Wohlensee where an aggregated inhomogeneous 
distribution pattern of C. plumosus was observed when the population density was 
low, which turned into a homogenous distribution pattern with rising density in 
laboratory experiments. At a comparable abundance level in Saidenbach Reservoir 
of about 120 to 150 larvae per m-2, C. anthracinus and the Tanytarsini exhibited a 
random distribution pattern (k = 3.4 for C. anthracinus and k = 5.3 for the Tanytarsini) 
whereas the two Procladius species especially P. choreus were strongly aggregated 
(k = 0.6 for P. choreus and k = 1.5 for P. crassinervis). Large tube-dwelling 
Chironomus species are often found to be randomly or regularly distributed while free 
ranging Tanypodinae mostly have an aggregated distribution pattern. In Lough 
Neagh for example Procladius signatus showed an aggregated pattern contrarily to 
C. anthracinus which tended towards a random distribution which might be due to the 
omnivorous/ carnivorous versus herbivorous feeding habit of this two species 
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(Takacs et al., 1994). Similar results were found by Titmus & Badcock (1981) in a wet 
gravel pit in England where Chironomus larvae were not aggregated but all other 
genera showed an increased aggregation with density. Takacs & Tokeshi (1994) 
interpreted this finding with the feeding behaviour. For detritus and algae feeding 
species the main food source is uniformly distributed. The environment for 
omnivorous or predatory larvae is in contrast more heterogeneous with patchy 
distribution of the food items. LS I larvae of other chironomids often act as prey for 
Procladius and are often more aggregated than later instars. Generally, early instars 
seem to be more aggregated than later instars. For example, early instars of 
C. plumosus in Lake Washington were found in small numbers and in a much 
clumped distribution pattern. From 235 LS III 115 were found in only 2 samples and 
74 out of 117 LS II were found in two other samples (Thut, 1969). In an epiphytic 
chironomid community there was a tendency for LS I to be more aggregated; the 
percentage frequency of strong aggregation (0<k<1) decreased from LS I (49 %) to 
LS IV (27 %, Tokeshi, 1995) as LS I hatching from the same egg mass were more 
aggregated before they dispersed with growth. In Saidenbach Reservoir a 
relationship between the age of the larvae and the distribution pattern was not found 
because of the failure to catch younger larvae.  
 The results from the small scale distribution pattern analysis also give some 
hints on the reliability of the sampling programme performed for the life cycle 
investigation (see chapter 3, Figure 16-19). If larvae are homogenous distributed a 
lower number of samples is still sufficient to obtain a good reflection of the true 
abundance of larvae. If larvae have in contrast an aggregated distribution a high 
number of samples is required. In the five year life cycle study a homogenous 
distribution according to the results from Table 15 was probably only achieved for 
C. anthracinus in 2005, 2008 and beginning of 2009 where high abundances 
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occurred. The generally low abundances of C. plumosus in Saidenbach Reservoir 
resulted probably in an aggregated distribution pattern. The two Procladius species 
generally exhibited a more aggregated pattern. From this it follows that an approach 
to the real abundance of larvae was only possible for C. anthracinus when high 
numbers of larvae occurred. The results for the other species were more or less 
approximated values having high standart deviation values. Nevertheless, the study 
aimed to find out the principal mechanism of the life cycle. With the present sampling 
programme this aim was sufficiently obtained. A higher number of samples taken per 
transect would have resulted in a not justifiable sampling and sorting effort.       
 
4.5.3 Vertical distribution 
4.5.3.1 Residence depth in the sediment  
In Saidenbach Reservoir the investigation of the residence depth of C. anthracinus in 
the sediment was restricted to instar IV because of the failure to catch younger 
larvae. Data from the literature indicate that young larvae prefer the upper sediment 
horizons and older larvae perform a downwards migration. For example, in Lower 
Litton Reservoir, England, 72 % of the LS I larvae were restricted to the 1 cm top of 
the sediment surface, 59 % of LS II were in the top 1 cm. LS III and LS IV larvae 
settled deeper in the sediment, only 42 % of LS III and 20 % of LS IV were in the top 
1 cm, 85 % of all chironomid larvae were in the top 6 cm (Olafsson, 1992). Downward 
migration with larval growth might be a result of different demands of the respective 
larval instar; young larval states have for example a higher oxygen demand due to 
lower haemoglobin concentrations than older larvae (Jonasson, 1972). A detailed 
analysis of the single subphases of larval state IV was nevertheless not encountered 
in the literature. In Saidenbach Reservoir young and medium LS IV larvae showed no 
preference of a residence depth whereas mature larvae and pupae were mainly 
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found in the upper sediment layers. As the larval migration towards the pupation 
horizon of C. anthracinus was mainly restricted to the mature larval and pupal phase 
the residence depth just below the sediment surface may be favourable for mature 
larvae and pupae to move around over longer distances.  
 
4.5.3.2 Larvae in the water column 
An intense activity of free swimming larvae was detected in Saidenbach Reservoir. In 
the profundal mainly P. choreus and Ablabesmyia sp. were encountered chiefly from 
early to late summer. Larvae of Ablabesmyia sp. and few P. choreus larvae were 
even detected in traps which were exposed over a short time interval of three weeks 
just below the water surface. The P. choreus larvae caught in the pupae traps were 
encountered as LS III and LS IV, no younger instars were found, although according 
to Lellak (1968), chironomid larvae live in the water column only as small positively 
phototactic larvulae. The head capsule sizes of P. choreus LS I was partially above 
the mesh size used for rinsing the content of the pupae traps so that at least some 
LS I should have been found in the pupae traps. But only LS III to LS IV were found 
which indicates that the planktonic phase was extremely short or not exhibited in 
Saidenbach Reservoir. According to Lellak (1968) older larvae can re-enter 
temporarily the plankton which allows them to find and settle in more favourable 
conditions in case of unsuitable temperature, oxygen, food or predation conditions for 
a short time. As free swimming larvae were found continuously throughout the whole 
reservoir, unfavourable conditions were surely not the reason for this behaviour in 
Saidenbach Reservoir. Other investigations also characterize P. choreus as an active 
species. In the Russian Utscha Reservoir for example larvae of P. ferrugineus were 
caught in traps hanging close above the sediment surface indicating an active 
wandering through the water column. Under water traps close below the water 
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surface contained only few numbers of larvae (Sokolowa, 1968). Mundie (1964) 
found a rate of 50 Individuals m-2 d-1 of a Procladius species in mid water above the 
mud in 1 m depth while in 10 m depth it were 10 Ind m-2 d-1. Extensive vertical 
movements of C. anthracinus were also reported. In Loch Leven in special 
constructed traps for capturing planktonic larvae P. choreus LS I larvae were 
recorded in considerable numbers in contrast to C. anthracinus and “other species” 
which were still very low reflecting the active mode of life from P. choreus as predator 
(Davies, 1976b). The pupae of Tanypodinae are also strong swimmers. Procladius 
moves up and down in the water column before emerging (Truman & Rau, 1996) 
which explains that larvae of P. choreus were found in the whole Saidenbach 
Reservoir but pupae only in the littoral. In Davies (1976b) a greater trappability of free 
swimming larvae in the open water compared to the shoreline was reported. In 
Saidenbach Reservoir the total rate of free swimming P. choreus larvae found in the 
profundal was also higher than in the littoral. Surprisingly no P. crassinervis larvae 
were found in the traps which indicates that this species did not leave the sediment to 
perform its migration toward the pupation horizon from the upper profundal to the 
deep profundal. The pupae traps in Saidenbach Reservoir also contained no 
C. anthracinus and no C. plumosus larvae even not as LS I which is according to 
Lellak (1968) often present in the water column. As head capsule sizes of the two 
Chironomus species were to a larger extent above 100 µm (mesh size used for 
rinsing the content of the pupae traps) at least some LS I should have been found in 
the pupae traps. Larvae of C. plumosus were for example found in a Japanese lake 
actively free swimming larvae in LS I to LS III, in Lake Suwa even LS IV larvae were 
found with swimming behaviour (Yamagishi & Fukuhara, 1971). Contrarily, Reist & 
Fischer (1987) found that newly hatched larvae of C. anthracinus immediately started 
to build tubes and remained at the bottom not exhibiting a planktonic life phase when 
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they encountered suitable substratum. So the substratum for C. anthracinus in 
Saidenbach Reservoir seems to be favourable so that larvae were not in the need of 
searching better conditions by drifting with the water currents.   
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5. TEMPERATURE AS DRIVING FACTOR OF THE MIGRATION OF  
     THE BENTHIC CHIRONOMID CHIRONOMUS ANTHRACINUS FROM   
     THE MESOTROPHIC SAIDENBACH RESERVOIR IN GERMANY 
 
 
Abstract 
1. Temperature gradients in stratified lakes can affect the spatial distribution of the inhabiting benthic 
invertebrates. The detection of an intense migratory activity of sediment dwelling larvae of 
C. anthracinus in Saidenbach Reservoir, Germany gave reason for an experimental investigation if 
temperature was contributing to this migratory behaviour.  
 
2. The influence of the temperature regime on the behaviour of C. anthracinus was investigated with 
three different experiments. (i) The influence of temperature on timing, duration and progress of the 
emergence of C. anthracinus larvae was investigated at three temperatures (6 °C, 9 °C and 11 °C). 
The 50 % mark of the cumulative emergence was 30 days earlier at 11 °C compared to 9 °C and 5 
days earlier at 9 °C compared to 6 °C. (ii) The pre ference temperature of instar IV larvae was tested 
by exposing larvae to a temperature gradient. Young instar IV larvae from November showed a 
accumulation towards colder temperatures (2-5 °C) a nd young instar IV larvae from June showed a 
accumulation towards temperatures of 3-13 °C. Matur e instar IV larvae and pupae preferred 18-22 °C. 
Thus, C. anthracinus is able to shift the window of its preferred temperature depending on season and 
stage of development. (iii) The larval locomotory activity was measured by counting the body 
contractions in a given time interval at a temperature range from 3 to 29 °C with highest activity fou nd 
at 15 °C.  
 
3. Altogether the experiments showed that higher temperatures may shorten the life cycle duration and 
the duration of the emergence period. The conclusion is drawn that temperature was the driving 
proximate factor for the migratory activity of C. anthracinus larvae towards shallower regions with the 
onset of pupation. 
 
 
5.1 Introduction 
Temperature influences the physiology and development of poikilothermal 
invertebrate species. The thermal tolerance window in which an animal is able to 
survive determines the geographical distribution of a species. Depending on the 
settled habitat in different latitudes or altitudes one species might differ in the timing 
of reproduction, in the reproductive success, recruitment, growth performance or 
mortality (Pörtner, 2002). Therefore, temperature gradients in stratified lakes can also 
affect the spatial distribution of the inhabiting animals (fish, zooplankton, 
zoobenthos). Depending on the lake bottom morphometry, the maximum depth and 
the stratification pattern, huge differences may also occur within a species in similar 
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latitude and altitude. During a five year study of the chironomid community in the 
drinking water reservoir Saidenbach Germany (see chapter 4) a shifting spatial 
distribution phenomenon occurred. A change in the preferred habitat depth was 
observed during the development of chironomid larvae to pupae. This migration 
phenomenon was evident for at least four species (Chironomus anthracinus, 
C. plumosus, Procladius choreus and P. crassinervis) three of which (not 
C. plumosus) additionally belonged to the most abundant species in the reservoir. 
The migratory activity was observed as follows: instar II and instar III larvae of both 
Procladius species inhabited mainly the 10-20 m depth horizon but migrated with 
maturing either into the deep profundal (20-40 m P. crassinervis) or into the littoral (0-
10 m P. choreus). C. plumosus migrated from the upper profundal into the littoral and 
C. anthracinus moved from the deep into the upper profundal just before pupation. 
Migratory activity of chironomid larvae was also found by several authors like 
Sokolowa, (1968), Jonasson, (1972), Carter (1978), Kornijow, (1992) or Pinder 
(1995). Often the migratory activity constituted a response of the chironomid larvae to 
an increasing deterioration of environmental conditions (i.e. temperature, oxygen 
conditions) with larvae performing a migration to horizons with more favourable 
conditions during a certain time of the year. The aim of this study was to find out 
more about the driving factors, especially concerning temperature, for the observed 
migration in Saidenbach Reservoir with the help of an experimental set-up. The 
investigations were exemplarily restricted to instar IV larvae of C. anthracinus 
because this species was easy to catch alive and it was one of the most abundant 
species in Saidenbach Reservoir.  
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5.2 Material and methods  
5.2.1 Influence of temperature on the timing of pupation 
In early April 2009 larvae of C. anthracinus instar IV were hand-sorted in the field 
alive from the sieving residue from the Saidenbach Reservoir profundal sediment and 
transferred at once into a cool-box to avoid warming during the transport. The 
captured larvae were kept in beaker glasses filled with about 3 cm fresh reservoir 
mud and 1-2 cm overlaying reservoir water which was changed three times a week to 
provide sufficient oxygen to the larvae. Each 6 larvae were placed in one beaker 
glass with a total of 30 larvae (5 parallels) for each of the temperature treatments 
having 6 °C, 9 °C and 11°C and kept in dark rooms. The glasses which were covered 
by plastic boxes to catch the imagines were checked every 2 days and emerged 
insects and remaining pupae exuviae were counted. The initial state of maturing of 
the larvae at the start of the experiment was probably comparable to the larvae 
collected for the life cycle study (see chapter 2).  
 
5.2.2 Preference temperature  
Larvae were sampled alive with an Ekman grab from Saidenbach Reservoir in June 
2009 (mature larvae just before pupation, N=57) and in November 2009 (young instar 
IV larvae, N=24) and kept under sufficient oxygen conditions in ambient temperature 
that was encountered in the reservoir (6 °C) in a v essel with mud and reservoir water. 
The number of sampled larvae in November was very low despite a very high 
number of grabs screened because of a deterioration of oxygen conditions with a 
high mortality of C. anthracinus larvae. To test the preference temperature of the 
larvae, a temperature gradient was arranged in a U- shaped rail (6 cm broad, 4 cm 
high, 60 cm long from aluminium) with a heater on one site (achieved temperature 
22-23 °C) and a cooling water bath on the other sit e (achieved temperature 2-3 °C). 
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The rail was filled with reservoir mud of 6 °C and reservoir water. The larvae were put 
into the rail at the same starting point for all larvae close to the middle. It was 
necessary to fill the rail with mud because first experiments without mud lead to an 
aggregation of larvae in one corner. The rail was furthermore covered to protect it 
against light. The experiment was run for about 2 days. After that, the rail was 
sectioned into 9 segments with a temperature range of 2 or 3 °C. The following two 
parameters were examined. (1) The number of holes, which were created by the 
larvae during the two days through their tube building activity at the mud surface was 
counted for each section as indicator for larval motility. (2) Subsequently, larvae were 
removed and counted and instars were determined to find out the preference 
temperature. The determination of instar IV was performed according to Goddeeris et 
al. (2001) who subdivided instar IV larvae into 18 sub states according to the 
development of their imaginal discs (instar IV 1a,b; …; 9a,b). In this study the 18 sub 
states were pooled into four categories (1a-3b, 4a-5b, 6a-7b and 8a-pupae). No 
pupae were fitted into the rail but some larvae moulted during the two day exposition 
into pupae due to the high temperatures. Five parallels were carried out in the June 
experiment and two parallels in the November experiment with each at least 10 
larvae. The results were tested for significance in a contingency table with the 
Fisher's Exact Test. The contingency table had four fields with two temperature 
ranges (3-15 °C and 16-22 °C) and two states of mat uring of the larvae (young and 
medium LS IV larvae 4a-7b and mature LS IV larvae 8a-pupae). The test was 
performed with R. 
 
5.2.3 Locomotory activity of larvae 
In April 2009 12 instar IV C. anthracinus larvae were used to investigate the 
temperature dependent motility. Two approaches were taken. (1) Each larva was 
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kept in a single plastic Petri dish with reservoir water. The dish was filled to about 
1 cm with water which allowed the larvae to perform only horizontal movements and 
no wriggling movements. The Petri dish was placed into a water bath which was 
heated up from 3 to 29 °C in 3-4 °C temperature ste ps. When one temperature step 
was reached the larvae had 10 min time to acclimate. Then the number of 
movements of the larvae (contractions of the abdomen when crawling in the vessel or 
whole body contractions) was counted three times for each larva for 30 seconds. The 
mean of the three values was calculated. (2) Some larvae were furthermore tested in 
the same way in a 1 cm cuvette filled with reservoir water with about 5 to 7 larvae in 
one cuvette. Here, ventilation wriggling movements were detected as larvae had 
more place for vertical movements. Three parallels were performed. Ventilation 
activity was preliminarily optical assessed and classified into the four categories no 
ventilation, moderate ventilation, strong ventilation and very strong ventilation. An 
objective method of assessing the ventilation movements still needs to be elaborated 
in future investigations.  
 
 
5.3 Results 
5.3.1 Migratory activity of C. anthracinus in the field 
A detailed description of the migratory activity of C. anthracinus is given in chapter 4. 
Figure 41 summarizes exemplarily for the year 2009 the centre of gravity (cg, main 
residence focus over a depth gradient at one sampling day) of pupae and young 
instar IV larvae (1a-4b) in combination with the water temperatures from the shoreline 
to the deep profundal in a 5 m interval. The mean cg of C. anthracinus larvae and 
pupae during the 5 years was 23.5 m (instar III), 25.7 m (instar IV 1a-4b), 24.3 m 
(instar IV 5a-6b), 23.2 m (instar IV 7a-9b) and 15.9 m (pupae, Table 13). With two 
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exceptions on the beginning of May (start of pupation, only one pupae was found) 
and on the 12.08. 09 (only 2 pupae), the cg of the pupae followed approximately the 
15 m depth line until the end of August, the last few pupae in September were found 
in about 25 m depth (Figure 41). These last pupae were probably those which 
remained in the deep profundal with a slower development in contrast to the majority 
of larvae which left the deep profundal in order to reach the main pupation horizon in 
the upper profundal (Figure 30). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 41. Centre of gravity (m) of pupae (solid black curve) and young instar IV larvae (1a-4b, dashed 
line) of C. anthracinus for the year 2009 in combination with the water temperatures in the respective 
depth from the littoral to the deep profundal in a 5 m interval, the 15 m depth line is accentuated, the 
ciphers in bold give the number of pupae found in the pupae traps; most pupae were found in the end 
of June to beginning August 
 
 
With the help of contour lines of Saidenbach Reservoir in Hölzelbach Bay (see Figure 
27), a calculation of the distance which was covered by the migrating larvae was 
performed. When regarding the deepest calculated value of the centre of gravity 
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before the end of the pupation period with 23.5 m (instar IV 1a-4b) and the 
shallowest one of the pupae in 12.8 m (extreme values below 10 m were not 
regarded), the distance covered by the migrating larvae came up to at least 50 m and 
to maximal 180 m. Hereby, a point on a map with contour lines of Saidenbach 
Reservoir with a depth of 24 m was chosen that was nearest to the shoreline and 
then the shortest and the longest distance to the next point with 13 m was measured.  
 
Table 17. A: Mean monthly temperature from 2009 in the depth of the mean centre of gravity were 
pupae (16 m) and instar IV larvae (22 m) were most frequent; the temperature difference in K between 
the two depths is given, the pupation period lasted from the end of June to the beginning of August 
(marked in bold, minimal temperature difference in July and August between 16 and 22 m was 0.3 K 
and maximal difference was 4.7 K), B: Minimal monthly oxygen concentration the same depths as in A 
 
 
A: Temperature °C Jan Feb Mrz Apr May Jun Jul Aug Sep Oct Nov Dec 
16 m (cg pupae)  3,3 3,3 3,1 4,2 4,7 5,4 7,6 9,8 12,4 13,3 9,0 7,4 
22 m (cg instar IV) 3,4 3,4 3,2 4,0 4,2 4,6 5,2 6,3 7,8 10,5 8,8 7,3 
Difference 16m-22m  -0,1 -0,1 -0,1 0,1 0,5 0,8 2,4 3,5 4,6 2,8 0,2 0,1 
B: Oxygen mgL-1 Jan Feb Mrz Apr May Jun Jul Aug Sep Oct Nov Dec 
16 m (cg pupae) 10,8 10,1 10,9 11,6 10,3 7,6 5,6 3,1 0,2 6,1 8,8 10,0 
22 m (cg instar IV) 11,4 9,8 10,3 11,7 10,4 7,8 7,7 5,8 3,4 1,8 8,9 10,0 
 
The mean monthly temperature difference between the depth horizon which was 
preferred by the pupae and the depth horizon which was preferred by the young 
instar IV larvae did not differ to a large extent (Table 17 A). During the time of 
pupation in July and August in 2009 the minimal daily temperature difference was 
0.3 K and the maximal daily temperature difference was 4.7 K. Thus temperature 
might be one factor that could be responsible for the observed migration of mature 
C. anthracinus larvae, especially as a remarkable temperature difference between 
16 m and 22 m started to occur just with the onset of pupation.  
The first time when low oxygen concentrations with less than 4 mg L-1 started 
to occur was in August 2009 in 10-15 m depth. In this depth C. anthracinus larvae did 
not occur. As the main pupation period of C. anthracinus was from the end of June to 
the beginning of August in 2009 (Figure 14), oxygen did not affect the migration 
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because enough oxygen was available for the larvae during the time of pupation 
(Table 17 B). The oxygen depletion which started to occur in the upper profundal in 
August extended in September down to 11-27 m and probably affected the newly 
hatched larvae.   
 
5.3.2 Influence of temperature on the timing of pupation 
The larvae taken from the reservoir on the 02.04.2009 during the routine survey for a 
five year investigation were mostly in LS IV 6a-7b (76 %), 11 % were LS IV 5a, b, 
8 % were LS IV 1a-4b and 5 % were LS III. The larvae taken for the experiment were 
also from April and thus at a developmental state comparable to the other larvae from 
the reservoir. The 11 °C treatment was the one with  the earliest emergence. 
Emergence started about 10 days earlier than the two other treatments which started 
nearly on the same day (Figure 42, Table 18).  
 
Table 18. Results of Pupation Experiment with four different treatments, values  
indicate number of days after the start of the experiment or the duration in days 
 
 
Temperature 11 °C  9 °C  6 °C  
Start of Emergence (day) 31 41 43 
End of Emergence (day) 71 95 118 
Duration of Emergence period (days) 40 54 75 
50 % of Larvae emerged (day) 39 69 74 
70 % of Larvae emerged (day) 42 77 89 
Time needed to reach 50 % (days) 8 28 31 
Time needed to reach 70 % (days) 11 36 46 
Mortality % 0 0 20 
 
The 50 % cumulative emergence was reached at 11 °C within 8 days after the start 
of the emergence, the 9 °C and 6 °C treatment reach ed the 50 % mark after 28 and 
31 days after the start of the emergence, respectively. Thus the 11 °C treatment was 
accelerated by the factor 3.5 compared to the 9 °C treatment and by the factor 3.9 
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compared to the 6 °C treatment. The difference betw een the 9 °C treatment and the 
6 °C treatment was smaller and reached a factor of only 1.1. 
 
 
 
 
 
 
 
 
 
Figure 42. Dependence of the emergence (cumulative graph) of C. anthracinus on temperature, the 
grey rectangle indicates the points where 50 % and 70 % of all imagines emerged   
 
 
 
The 9 °C treatment 50 % mark was 30 days later than  the 11 °C treatment and the 
6 °C treatment 50 % mark was only 5 days later than  the 9 °C treatment 50 % mark. 
So the temperature increase of 3 degrees from 6 °C to 9 °C provoked only a slight 
acceleration until the 50 % mark of the emergence whereas the 2 degree increase 
from 9 °C to 11 °C led to a strong acceleration. Th e 6 °C and the 9 °C treatment did 
not differ strongly until the 50 % mark. Between the 50 % and the 70 % mark the 6 °C 
and the 9 °C treatment differed to a greater extent  with the 6 °C treatment becoming 
slower than the 9 °C treatment. The time interval b etween the 6 °C and the 9 °C 
treatment was only 5 days at the 50 % mark but was elongated to 12 days at the 
70 % mark. Above the 70 % mark the slope of the cumulative graph decreased for 
the 11 °C and the 6 °C treatment. 
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5.3.3 Preference temperature  
The first aspect in this experiment was the temperature dependence of the motility of 
larvae. The counting of the number of holes at the sediment surface showed different 
motility behaviour. The mud surface before the start of the experiment was plain. 
Small holes were created by the larvae while moving through the mud when they built 
their tubes. Both larvae from June and November showed highest gap building 
activity at 16-17 °C (Figure 43) although the lowes t number of larvae was 
encountered in this range. The second aspect was the preference temperature. The 
instar IV larvae which were caught for the June experiment had nearly reached the 
last phase of their life cycle coming close to pupation. The experiment showed that 
the larvae which were still in instar IV 4a-7b occurred in all temperature ranges 
without any preference. Mature larvae just before pupation (instar IV 8a-9b) and 
pupae were concentrated in the 18-23 °C range (Figu re 44, Table 19). The p-value 
calculated with the Fisher's Exact Test on the basis of a contingency table with two 
temperature ranges (3-15 °C, 16-22 °C) and two stat es of maturing of the larvae 
(LS IV 4a-7b larvae, LS IV 8a-9b larvae and pupae) was significant with p=0.002 
(Table 20). 
The instar IV larvae which were caught for the November experiment were 
probably the offspring of the population from June and thus had not jet reached 
mature instar IV 8a-9b. In this experiment the still young instar IV larvae were 
concentrated in the cold temperature range from 2-5 °C with 60 % (Table 19). In this 
temperature range most of the larvae were balled and crowed together when 
removed. This was not the case in the warmer temperature ranges. The 
accumulation of larvae in the 2-5 °C range was sign ificantly different to the June 
experiment (p-value 0.0002 and 0.04; Table 21), where a concentration was found in 
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the warmest range indicating a different preference temperature depending on the 
age of the larvae. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 43. Burrowing activity of the C. anthracinus instar IV larvae in the temperature preference 
experiment, the number of holes built per larvae in each temperature section is given as sum over the 
respective parallels, white bars in the November experiment indicate that in this temperature range a 
high quantity of holes was found, but when emptying the rail no larvae were detected because the 
larvae had already left this section and migrated to another one    
 
 
 
 
 
 
 
 
 
 
 
Figure 44. Distribution of C. anthracinus instar IV larvae between the different temperature sections in 
the temperature preference experiment  
 
The preference for moderate temperatures occurred probably after the winter in all 
instar IV larvae because no more concentration of instar IV 4a-5b larvae at cold 
temperatures (2-5 °C) like in winter was found in J une rather than a uniform 
distribution from 3 to about 13 °C. The preference for warmer temperatures reached 
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its highest level when mature larvae moulted into pupae as they were concentrated in 
the warmest temperature range available during the experiment.  
 
Table 19. Percental distribution of different instars of C. anthracinus in three temperature ranges in 
June and November 2009  
 
Instar 1a-3b 4a-5b 6a-7b 8a-P 
June N 0 22 17 18 
3-6°C  41 % 24 % 6 % 
7-17°C  41 % 41 % 17 % 
18-23°C  18 % 35 % 78 % 
November N 1 20 3 0 
2-5°C  60 % 67 %  
6-17°C  35 % 33 %  
18-22°C  5 % 0 %  
  
 
 
Table 20. Number of larvae from the June experiment at two temperature ranges and  
at two different states of maturing, the p-value from the Fisher's Exact Test is given 
 
N 3-15 °C  16-22 °C 
LS IV 4a-7b 27 15 
LS IV 8a-9b, Pupae 4 16 
p-value           0.002  
 
 
Table 21. Number of larvae from each the November and the June experiment (only instar 1a-7b)  
at two temperature ranges, the p-value from the Fisher's Exact Test is given 
 
N 3(2)-6(5) °C 7(6)-23(22) °C  3(2)-6(5) °C 7(6)-13 °C 
November 14 10 November 14 7 
June 13 29 June 13 12 
p-Value                 0.0002   0.0434 
  
5.3.4 Locomotory activity of larvae 
The last experiment demonstrated that C. anthracinus larvae which were taken from 
Saidenbach Reservoir in April exhibited highest locomotory activity at 15 °C 
(Figure 45). The state of maturing of the larvae was like in the first experiment (5 % 
LS III; 8 % LS IV 1a-4b; 11 % LS IV 5a, b; 76 % LS IV 6a-7b). In the first approach 
(Petri-dishes) the single larvae showed a relatively wide range of individual motility 
but the mean trend showed that larvae were most agile at the medium temperature 
range from 12-18 °C.  
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Figure 45. Agitation activity of C. anthracinus instar IV larvae at different temperatures, the single 
points indicate the activity of each single larvae (mean of three parallels), the black line shows the 
overall mean value 
 
In the second approach, the larvae which were kept in a cuvette drove well with 
temperatures up to 18 °C because no ventilation occ urred which is normally a sign of 
deterioration of oxygen supply. Slight ventilation wriggling movements started at a 
temperature of 21 °C. Ventilation became strongest at 29 °C with a subsequent 
strong decrease in ventilation activity to near zero at or above 33 °C (Table 22).  
 
Table 22. Ventilation activity of C. anthracinus in the cuvette experiment, 
- no ventilation, + moderate ventilation, ++ strong ventilation, +++ very strong ventilation 
 
 
 
5.4 Discussion 
5.4.1 Influence of temperature on the timing of pupation 
The experiments showed that a temperature increase by 2 °C from 9 to 11 °C 
provoked a much stronger acceleration of the emergence than the increase of the 
temperature from 6 to 9 °C. Thus, temperature had a n important influence on the 
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timing, the duration and the progress of the emergence period. It was not possible to 
investigate the whole life cycle under different temperature conditions in the 
laboratory, as egg masses were not detected on Saidenbach Reservoir. In literature, 
whole life cycle investigations on closely related species showed that huge 
differences occurred. For example, investigations from Scharf (1973) on the duration 
of the total larval development from egg to imago found that Chironomus piger and 
Chironomus thummi had a diapause at 10 °C without further developmen t for at least 
56 days. At 15, 20 and 25 °C the duration of the wh ole life cycle was 35-37 days, 21-
22 days and 16-17 days, respectively without diapause, indicating that these species 
did not cope well with low temperatures, but developed fast with high temperatures.  
However, C. anthracinus from Saidenbach Reservoir was able to continue growth at 
low temperatures and still needed 31 days to proceed from instar IV to imago under 
the 11 °C conditions. Therefore, Chironomus piger and Chironomus thummi were 
probably warm-adapted species which needed higher temperatures to continue 
development (according to Scharf, 1973 around 15 °C ). Contrarily, C. anthracinus 
which was probably a cold-adapted species, continued its development when the 
warm-adapted species entered diapause. Carter (1980) described that the growth of 
C. anthracinus continued even below 5 °C in Lough Neagh. In Lake Esrom growth 
was still found at 2.2 °C (Jonasson, 1972). It is a lso noteworthy that in Lake Esrom 
emergence started in May with a duration of only a few days at temperatures around 
6.2 and 7.2 °C. An experiment showed that larvae ke pt at 2.5 °C still came to 
pupation but did not emerge contrarily to larvae kept at 6.5 °C which all pupated and 
emerged. Jonasson (1972) came to the conclusion that the temperature influence is 
limited to the very last phase of the life cycle. Temperature is seen to play a major 
role in regulating seasonal changes in growth rates and, at least to some extent, 
operating independently of nutritional factors (Ward & Standford, 1982). Elevated 
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temperatures during the last larval state of the life cycle (prepupae) of C. anthracinus 
in Saidenbach Reservoir would presumably lead to a better synchronisation of the 
emergence period. At temperatures found in Saidenbach Reservoir in June around 
6 °C, the duration of the pupation and the emergenc e period was very long with 
about 2 months, making C. anthracinus pupae strongly vulnerable to predation by 
fish over this long time period. As no huge differences in timing and progress 
between the 6 °C and the 9 °C treatment in the emer gence experiment were found 
until the 50 % mark, a slight increase in spring temperatures would not have such 
strong effects on the total duration of the pupation and emergence period at least 
until the 50 % mark. The second half of the emergence period however might be 
shorter at higher temperatures. C. anthracinus would therefore probably benefit from 
warmer spring conditions in Saidenbach Reservoir. Furthermore data from a five year 
life cycle investigation showed that only one year occurred with a univoltin life cycle 
of C. anthracinus. During the other years C. anthracinus had a two year life cycle with 
a part of the cohort emerging just after the first year (chapter 2). The highest water 
temperature was detected in the univoltin year in 2008 which indicated that larvae still 
benefited from a slight temperature augment by reducing the life cycle duration. The 
shortening of the duration of the pupation period however would need an additional 
warming in spring or early summer as no difference in the duration of the main 
pupation period occurred in the warm year compared to the other years (duration of 
the main pupation peak in 2005 60 days (29.04. to 28.06.), in 2008 57 days (24.06. to 
20.08.) and in 2009 53 days (14.06. to 06.08.). 
 
5.4.2 Preference temperature  
In Saidenbach Reservoir a seasonal shift in the thermal optimum of larvae at a 
comparable developmental state was furthermore observed as the majority of the 
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younger instar IV winter larvae occurred in the 2 to 5 °C section of the rail contrarily 
to the younger instar IV summer larvae which were mostly found in the range from 3 
to 13 °C. The Fisher's Exact Test indicated a signi ficant difference between the June 
and the November experiment. The thermal optimum window was therefore at a 
higher level in summer than it was in winter. Such seasonal shifts in the 
thermotolerance window within the same species are described by Pörtner (2002). 
He states that species had a higher temperature value of thermal limitation during 
summer than during winter independent of the developmental state. Pörtner (2002) 
concludes that eurytherm species in temperate zones are able to dynamically shift 
their tolerance window between summer and winter temperature regimes. But 
nevertheless eurytherm species still specialize on a characteristic thermal 
environment.  
C. anthracinus is a ubiquitous species occurring in mesotrophic-eutrophic and 
cold-temperate European lakes which is a typically profundal species (Lindegaard & 
Brodersen, 1995, Real, Rieradevall, & Prat, 2000) and thus also preferred the cold 
and deeper profundal in the Saidenbach Reservoir. This finding might suggest that 
C. anthracinus is a cold eurytherm species, also coping well with temperatures 
around 15 °C (Figure 45). Pupae and larvae close to  pupation however had a 
distinctly different temperature window than the younger larvae as they moved 
towards the highest temperature available during the experiment. So, a shift in the 
temperature optimum depending on the larval developmental state was confirmed. In 
the temperature range from 14-17 °C only 4 out of 5 7 larvae were found, but the 
burrowing activity was highest in this temperature range. This temperature range was 
probably crossed by the larvae which moved to 18-22 °C for final pupation. So the 
highest activity of the larvae from Saidenbach Reservoir probably occurred just 
before pupation. Mature instar IV (8a-9b) is therefore presumably the instar in which 
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C. anthracinus larvae migrate to their pupation horizon in Saidenbach Reservoir. The 
larval locomotory activity was again reduced once the larvae had reached the pupal 
state since about 80 % of all pupae occurred in 18-22 °C, but burrowing activity was 
still low. This coincides with the findings presented in chapter 3 (see also Figure 41) 
where instar III and instar IV larvae of C. anthracinus were mainly encountered in the 
deep profundal (20-40 m), but pupae were accumulated in the upper profundal (10-
20 m). So in Saidenbach Reservoir, pupae and mature instar IV larvae close to 
pupation had a different temperature optimum than younger larvae.  
When comparing the experiment from Scharf (1973) with larvae of 
Chironomus piger and Chironomus thummi with the present experiment with larvae of 
C. anthracinus from Saidenbach Reservoir, the migration behaviour of the larvae of 
these three species was inversely: the cold adapted species C. anthracinus migrated 
to warmer temperature ranges and the warm adapted species Chironomus piger and 
Chironomus thummi migrated towards colder temperature conditions. More precisely, 
Scharf (1973) found that after one hour of exposure to a temperature gradient 
between about 4 °C and 24 °C, most young instar IV larvae of Chironomus piger and 
Chironomus thummi, which were adapted to 20 °C, were found between 8  and 22 °C. 
Mature instar IV 9a,b larvae on the other hand, preferred a temperature of 12 °C. 
Furthermore, instar IV 9a,b larvae moved less than the other younger instar IV 
larvae. The mature instar IV larvae moved to their preferred colder temperature and 
remained there. Scharf (1973) explained the movement of older larvae to lower 
temperatures with their higher oxygen demand and the higher oxygen content of 
colder water. In Saidenbach Reservoir oxygen concentrations in the profundal lay 
mostly between 15 and 4 mg L-1 in June and July (Table 15, according to Hamburger 
et al. (1998), 4 mg L-1 oxygen is still not harmful to chironomids with haemoglobin like 
C. anthracinus). Furthermore, the low oxygen concentration in August in 10-15 m 
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reaching even values below 1 mg L-1 did not affect the C. anthracinus population as 
larvae occurred at deeper sites with still sufficient oxygen. Oxygen should therefore 
be no constraint for pupation especially as a shift towards the upper profundal would 
lead the migrating larvae into horizons with lower oxygen concentrations. Thus, 
oxygen was not a driving factor for the migratory activity of C. anthracinus in 
Saidenbach Reservoir.  
Altogether, temperature is presumably the driving factor which stimulated the 
migration of C. anthracinus from the colder deep profundal to the moderate warmer 
upper profundal in Saidenbach Reservoir (proximate factor). The finding of Jonasson 
(1972) that the temperature influence is limited to the very last phase of the life cycle 
is consequently valid for Saidenbach Reservoir. C. anthracinus normally inhabit the 
cold profundal of larger water bodies which have temperatures below 10 °C even in 
summer. Under natural conditions in Saidenbach Reservoir the temperature optimum 
of the very last phase of the life cycle above 20 °C derived from the experiment was 
not even nearly reached in the horizon the mature pupae and larvae were seeking 
although temperatures in the littoral achieved around 12-20 °C in July and August. 
There might be four possible causes that prevented a further migration of 
C. anthracinus towards the littoral. The first one might be that the distance to cover 
was too long. When regarding the fact that some of the larvae already managed to 
move about 180 m (see above), at least some larvae should reach the littoral. But 
over the five years only 3 % of all caught pupae were encountered in the littoral. A 
second reason might be that the predation pressure of fish is once more higher in the 
littoral than it is already in the profundal (see Figure 25); further investigations are 
needed to confirm or to reject this hypothesis. Thirdly the onset of the upper 
hypolimnetic oxygen deficiency with partially around 1 mg L-1 oxygen in August when 
the pupation period was just ongoing might constitute a barrier and stop the migration 
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of larvae. However, there was no significant correlation with the Spearman's rank 
correlation test between the duration of the oxygen depletion in the upper 
hypolimnion and the centre of gravity (p-value 0.95); in years with no or only a weak 
upper hypolimnetic oxygen deficit the centre of gravity was not dislocated towards the 
shoreline. The last reason seems to be the most plausible one. Tokeshi (1996) found 
that eggs and young larvae did not survive in the littoral of Lough Neagh because of 
a sediment substrate that was too coarse for the larvae to survive. In Saidenbach 
Reservoir, the sediment of the littoral was also too coarse containing a high 
proportion of sand and clay. The horizon with exclusively fine mud began 
approximately around 15 m, the sediment grabs which were taken at 10 m and 13 m 
during the routine survey had in most cases higher fractions of sand or clay. The 
penetration depth of the grab into the sediment was in 13 m comparable to 16 m 
(Table 23) indicating that the sediment was becoming softer in 13 m. The exact line 
of the boundary between fine mud and mud with sand needs to be elaborated in 
future studies. Probably it laid at about 13-18 m as indicated by the limit of migration 
of C. anthracinus (Table 14) and changed somehow between the years. 
 
Table 23. Mean, maximal and minimal filling degree of the Ekman grabs from the routine  
survey 2008 to 2009 
 
Depth 10 m 13 m 16 m 19 m 22 m 25 m 30 m 
Mean filling degree of sediment grab 31 % 56 % 58 % 62 % 73 % 76 % 78 % 
Maximal filling degree of sediment grab 70 % 80 % 90 % 100 % 100 % 100 % 100 % 
Minimal filling degree of sediment grab 5 % 20 % 40 % 40 % 30 % 40 % 50 % 
 
 
Furthermore, the temperature difference between the deep profundal, where young 
larvae dwelled and the upper profundal where pupation took place was relatively 
small. In June/July and August when pupation was ongoing the maximum daily 
difference between mean temperature in 10-20 m and in 20-40 m was 4.7 °K from 
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2004 to 2009, the minimum difference was 0.3 °K. C. anthracinus larvae therefore 
should have a very sensitive temperature perception to detect the areas where 
temperature conditions are more favourable. Migration of C. anthracinus larvae just 
before pupation and during pupation is probably not a phenomenon that occurs in 
every water body because only few authors reported such a phenomenon in the 
considerably number of investigations concerning C. anthracinus. Further work is 
needed to find out the ultimate factor responsible for this behaviour. Additionally, 
investigations on C. anthracinus larvae from other water bodies would be necessary 
to point out whether the phenomenon of the shift of the thermotolerance window with 
the onset of pupation is singular for Saidenbach Reservoir or whether it is a common 
behaviour. 
 
5.4.3 Locomotory activity of larvae 
C. anthracinus instar IV larvae sampled in April (most larvae were in instar IV 6a-7b) 
showed highest locomotory activity around 15 °C (Fi gure 45). The few number of 
larvae found in Saidenbach Reservoir in the end of the year 2009 prevented the 
replication of the experimentation with winter larvae. However, the result of this 
experiment showed some parallels with the temperature gradient investigation from 
June. Here, the larvae were most active with a higher number of gaps in the 
temperature range of 14-17 °C compared to the other  temperature ranges from 3-
13 °C and 18-23 °C (Figure 43). Ventilation movemen ts of larvae kept in a cuvette 
were not executed until higher temperatures of at least 21 °C were setted. Ventilation 
activity enhances the oxygen supply of the larvae. Rising temperatures lead to a 
higher oxygen consumption by the larvae so that the ventilation activity is increased 
to ensure the oxygen replenishment. Bairlein (1989) reported an independence of the 
respiration of C. anthracinus from temperature below 15 °C. At 15 °C, Leuchs (19 86) 
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found a 5-fold increased ventilation activity of C. anthracinus compared to 2-10 °C. 
This is not in accordance with the present results as ventilation here started not until 
21 °C and became strongest at 29 °C. Larvae from Sa idenbach Reservoir thus had 
enough oxygen until 21 °C and experienced rising ox ygen lack until 29 °C which was 
answered with strong ventilation. At higher temperatures larvae stopped the 
ventilation. This mechanism of saving energy is combined with a shift to anaerobic 
metabolism (Pörtner, 2002). For example, C. plumosus larvae experiencing severe 
hypoxia and anoxia cover about 80 % of their energy demand by fermenting the vast 
glycogen stores to ethanol or to some minor extent to lactate (Scholz & Zerbst-
Boroffka, 1997).  
In conclusion, C. anthracinus is a eurytherm species that is able to cover a 
wide range of temperatures under laboratory conditions. However, the distribution in 
the field differs from that because C. anthracinus is mostly found in the deep and cold 
profundal. Either its main distribution area in a lake depth gradient is limited by its 
substratum requirements to the colder deep profundal shifting towards the shoreline 
with higher temperatures not before the onset of pupation (pupae do not feed) or 
other species living in shallower areas are stronger in competition than 
C. anthracinus. For example, when shallower lakes provide fine substratum and 
higher temperatures, there is on the other hand a higher eutrophication degree which 
favours the species Chironomus plumosus which is a typical indicator for 
eutrophication. However, Tokeshi (1995) mentioned that growth and abundance of 
C. anthracinus was negatively influenced by a higher abundance of C. plumosus. 
Therefore, the restriction of C. anthracinus to the deep profundal of lakes is probably 
a trade off between the above mentioned factors.  
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6. OVERALL SUMMARY AND FUTURE PROSPECTS   
 
The five year study about chironomids in Saidenbach Reservoir pointed out the 
complex reaction in the behaviour of an important part of the benthic community 
concerning the life cycle pattern (voltinism, pupation pattern), the changing in 
abundances (inter-annual and intra-annual) and the large scale and small scale 
distribution pattern under the rule of the most important environmental factors leading 
to an ecological niche that was characteristic for each single species. The present 
study was focussed on four subjects which were (1) the taxonomic differentiation of 
the two Procladius species, (2) the life cycle investigations in connection with abiotic 
conditions, (3) the examination of diverse large and small scale distribution aspects 
and (4) the laboratory experiments regarding the influence of temperature on the 
larvae of C. anthracinus. With this study it was possible to gain an all-out basic 
knowledge of the Saidenbach chironomid community structure. The main ideas of 
each section were still listed in the abstracts at the beginning of each chapter. The 
two features which were singular for Saidenbach Reservoir are worthy to be 
mentioned again below.  
 
(1) Saidenbach Reservoir was an oxygen controlled water body; temperature was the 
second important factor for the chironomid community. It was characteristic for 
Saidenbach Reservoir that years exhibiting a strong oxygen deficiency alterated with 
years with no oxygen reduction. So oxygen was the chief limitation factor for the 
profundal species like C. anthracinus leading to a nearly absence of larvae in years 
with low oxygen conditions so that the profundal looked like a desert. Temperature 
was the second chief influencing factor when oxygen conditions were adequate. 
Rising temperatures during a warmer climate period would therefore rather lead to an 
advantage for the chironomid population than to a deterioration of their living 
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conditions. Higher temperatures would lead to a higher number of generations per 
year resulting in a higher productivity as the larval density would be higher and pupae 
would be accessible as prey for fish at least two times a year. Higher temperatures 
would also lead to a reduction of the length of the emergence period for some 
species as shown in the emergence experiment under different temperature 
conditions exemplarily for C. anthracinus with reducing the risk of being preyed by 
fish. Therefore a warmer climate period would probably affect the chironomid 
community in a positive way as long as oxygen conditions are sufficient. Altogether, it 
was possible to verify the initially hypothesis postulating that temperature influences 
the life cycle of chironomids in such a way that higher temperatures caused by 
climate and wheather alterations (1) have a positive effect on a population by 
shortening the duration of the life cycle and (2) lead to an earlier start of the pupation 
of at least a part of the chironomid community.  
 
(2) The second main characteristic of the Saidenbach Reservoir chironomid 
communtiy was the observation of the strong migratory activity of all four investigated 
species each one with a special direction either towards the shoreline or towards the 
profundal. This phenomenon which is rarely reported in literature was probably driven 
by different physiological demands concerning temperature according to the 
developmental stage of the larvae as it was experimentally shown exemplarily for 
C. anthracinus.  
 
The results of this study will provide a basis for a better understanding of the food 
web relationships in Saidenbach Reservoir and the role of chironomids and 
especially their pupae in the prey of fish. Nevertheless, it was not possible to answer 
all questions about the chironomids in Saidenbach Reservoir. The future work should 
therefore focus on answering the following points. 
 
  
 138
• A confirmation of the morphological distinction of P. choreus and 
P. crassinervis which was found on the basis of head capsule dimensions, 
depth distribution and imaginal disc development should be provided with the 
help of a genetic differentiation.  
 
• Whole life cycle experiments should be carried out under different temperature 
regimes to find out the temperature threshold for a shift of the voltinism for 
C. anthracinus (two year semivoltin to univoltin life cycle) and P. choreus 
(univoltin to bivoltin). A method should be elaborated to find the egg masses 
on the surface of Saidenbach Reservoir and to rear the collected egg masses. 
 
• The influence of the discharge management and the temperature dependent 
entrainment depth of the tributaries on the hypo- and metalimnetic oxygen 
regime and, thus, on the abundance of C. anthracinus in Saidenbach 
Reservoir should be further examined. It should be investigated, which 
conditions result in an oxygen rich or an oxygen poor profundal. Probably, the 
water quantity management of Saidenbach Reservoir, both inflow depending 
on precipitation and extent of water transfer from the Rauschenbach reservoir 
and outflow as raw water and release into the downstream river, plays an 
important role. Since 2002, Saidenbach Reservoir has to provide enhanced 
flood control and is not allowed to flow over. Hence, water has to be released 
via the bottom outlets in phases with inflows exceeding raw water withdrawal. 
Consequently, the hypolimnion volume decreases while the epi- and 
metalimnetic volumes increase due to the entrainment of the inflowing water 
into these layers during the summer stratification. In years with high summer 
precipitation, a strong decline of the potentially oxygen poor hypolimnion is 
caused and epilimnetic water layers with higher oxygen concentrations expand 
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into greater depths. This effect is of minor impact in dry summers when the 
downward oxygen transport primarily depends on the raw water withdrawal 
from the hypolimnion. In very dry years, however, the demand of drinking 
water usually increases and the downward translocation of oxygen containing 
epilimnetic water may be accelerated as well. Therefore, the influence of both 
precipitation regime in summer and raw water demand on the oxygen 
conditions in profundal layers needs to be studied in details (pers. comm. L. 
Paul, Neunzehnhain Ecological Station of the TU Dresden). 
 
• A survey of a couple of reservoirs with a comparable morphometry like 
Saidenbach Reservoir should be done to investigate if the migratory activity of 
the four studied species (C. anthracinus, C. plumosus, P. choreus, 
P. crassinervis) occurs also in other water bodies (for example Klingenberg 
Reservoir with maximum depth at 34 m, Lehnmühle Reservoir 44 m, Gottleuba 
Reservoir 53 m, Rauschenbach Reservoir 43 m, Lichtenberg Reservoir 43 m, 
Eibenstock Reservoir 57 m, Werda Reservoir 37 m, Pöhl Reservoir 48 m, 
Dröda Reservoir 39 m). A preliminary sampling programme should be 
elaborated to assess the chironomid species composition and their dominance 
structure. Water bodies in which one of the four species occur should be 
included in a regular sampling program lasting at least one year with an 
investigation of larvae and pupae in a transect survey from the shoreline to the 
deepest point with determination of the larval instars and the center of gravity. 
 
• Experiments on physiological features (motility, preference temperature) 
should be carried out on C. anthracinus with larvae from winter and larvae 
close to pupation from Saidenbach Reservoir and from other water bodies with 
a comparable morphometry like the above mentioned reservoirs. With this 
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setup the question will be answered if the seasonal and the developmental 
shift of the preferrecne temperature of C. anthracinus is a singulaire 
phenomenon of Saidenbach Reservoir or if it is a common behaviour of this 
species.    
 
• An elaboration of a suitable detection procedure for the ventilation activity of 
C. anthracinus in the cuvette experiment should be performed, for example 
with an optical setup where a light barrier detects the number of crossings of 
the larval movements. This enables the objective assessment of the upper 
temperature limit of C. anthracinus.  
 
• The data from the AQUASHIFT project which were obtained from the 
extended fisheries program should be analysed in view of the life cycle data of 
the two most important chironomid species on which fish mostly preyed on 
(C. anthracinus and P. crassinervis). The consequences of (1) a shifting 
voltinism in warm years and (2) the fluctuations in the abundance of the 
chironomid larvae between the years as well as (3) the migration of 
C. anthracinus towards the shoreline and the migration of P. crassinervis into 
the deep profundal on the feeding behaviour should be examined in more 
detail.  
 
The answering of the above mentioned questions will provide further understanding 
of the complex coupling of the food web relationships in Saidenbach Reservoir.  
Beyond that a generalization of the mechanisms in the food web would be elaborated 
which could be assigned to other water bodies.  
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